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THE publication of this paper is premature in that the work upon 
which it is based is yet unfinished, but since this work has been 
interrupted by the war it seemed advisable to publish it in its 
present state. Its general argument is to show that there is no 
conclusive, or indeed persuasive, evidence that the intra-ocular 
fluid is a secretion ; and the more does its timely publication seem 
advisable in view of the fact that in the light of several experi- 
mental papers which have recently appeared, the old hypothesis of 
ciliary secretion appears again to be gaining ground. The 
question is. undoubtedly of much more than academic interest, 
for the importance of a knowledge of the reactions between the 
aqueous humour and its blood plasma has been enhanced as a 
result of the exclusion of the vitreous body from the possible 
causative factors in glaucoma on the basis of swelling pressure 
measurements (Duke-Elder, Davson and Benham, 1937). 
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If the theory of secretion is to be accepted the following main 
points must be investigated. First, a definite glandular activity 
on the part of a tissue in the eye must be demonstrated, and. it 
must be shown that the intra-ocular pressure is a definite function 
of the activity of the cells of this tissue. Second, it must be shown 
that the secretion, if it occurs, is effective in carrying out the 
objectives, the necessity for which is the basis for the assumption 
of secretory activity. Third, the negative line of inquiry is to 
investigate whether the distribution of dissolved constituents in 
the aqueous humour and plasma is such as to necessitate the 
assumption of an accumulating or diluting activity on the part of 
some hypothetical glands. | 

Advocates of the secretory theory have concentrated almost 
exclusively on this last negative line of attack; thus the whole 
secretory theory is enshrouded in a vagueness which makes it 
difficult for the impartial investigator to tackle experimentally. 
As opposed to the secretory theory the filtrate-dialysis theory is 
perfectly clear in its assumptions, and its consequences in respect 
to the relation of intra-ocular pressure to blood-pressure and 
composition are well recognised and have been submitted to 
experimental test. It is possibly for this reason that the filtrate- 
dialysate theory is so often attacked, the opposing theory being 
so vague and ill-defined as to make criticism of it-on any specific 
point impossible. 

The various arguments which have recently been put forward 
in support of the secretory hypothesis may be summarised as 
follows. 

1. That the distribution of electrolytes between the aqueous 
and the blood is not in accordance with the postulates of the 
Donnan theorem.—Thus Hodgson (1938) found that the chloride 
ion in dogs and humans is more concentrated in the aqueous 
humour than would be expected on the basis of a simple Donnan 
equilibrium. These results are at variance with those about to 
be reported in this paper on cats, and the matter is at present 
under investigation in other species (Davson and Weld); it has 
been found so far that the sodium ion in dogs is distributed almost 
exactly as demanded by the Donnan equilibrium, and further 
that the individual variations in this ratio are very considerably 
smaller than those encountered in the cat. Thus even if there is 
an excess of Cl- in the eye, and Hodgson’s results leave little 
doubt of that, this excess is not accompanied by an excess of the 
cation Nat, so that it cannot be stated that NaCl is secreted into 
the eye to maintain a high intra-ocular pressure; it seems more 
likely that the excess of chloride is compensated by a decrease 
of bicarbonate in the aqueous humour. It should be realised 
that the chloride ion must be considered as a metabolite since its 
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concentration in the blood is changing continuously to meet the 
acid-base requirements of the body, so that it is unlikely that a 
true equilibrium will ever be established between the aqueous 
humour and blood plasma in respect of this ion; it may be that 
the high concentration of chloride in the aqueous humour is the 
observable sign of a steady-state produced by the formation of 
metabolites in the lens or retina which react on the distribution 
of chloride between the aqueous humour and blood plasma. 
Consequently it is unsafe to generalise from the distribution of 
the chloride ion between the aqueous humour and blood plasma 
in respect to a possible secretory activity on the part .of the ciliary 
body. For this reason it is essential that comparison of two ions. 
at least should be made if such a study is to have real value, and 
further, the distribution of sodium is more likely to have a real 
meaning than the distribution of other ions for the reasons given 
in the second section of this paper. How misleading chemical 
studies may be if all possible factors are not taken into account 
is shown by the work of Stary and Winternitz (1932), who found 
that the concentration of calcium in the aqueous humour is 7-4 mg. 
per cent. compared with a value of 12:1 mg. per cent. in serum, 
values which give a distribution-ratio very much larger than that 
demanded by the theory of dialysation. However, these authors 
showed that the concentration of calcium in an ultra-filtrate of 
plasma is 7-4 mg. per cent., i.e., the same as in the aqueous 
humour, the reason for the discrepancy from theory being due to 
the fact that some of the calcium in the plasma is associated with 
protein and consequently does not participate in the Donnan 
equilibrium. 

2. That the distribution of non-electrolytes between the aqueous 
and the blood is not in accordance with the postulates of the 
Donnan theorem. Thus Adler (1933), in a paper entitled ‘* Is 
the aqueous humour a dialysate ? ’’, concludes quite categorically 
that it is not so because he found a higher concentration of urea 
in the plasma of cats than in the aqueous, while a similar 
conclusion, based on results showing a wide variation, was reached 
by Walker (1933). A similar argument has been raised with 
regard to glucose and other substances. In this connection two 
circumstances must be borne in mind: (a) The possibility that 
the chemical methods available for the estimation of freely 
diffusible organic materials are not sufficiently specific, so that 
comparison ‘between a protein-free and a protein-rich fluid are 
not warrantable. Thus Benham (1937), using improved chemical 
methods, found much more consistency in the distribution of 
urea. (b) Where the non-electrolyte is a metabolite its concen- 
tration in the aqueous humour and plasma will vary continuously. 
It would not be fair to dismiss the results on non-electrolyte 
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distribution which conflict with the dialysis theory by merely 
raising these points; the decision as to whether there is an active 
secretion of urea, glucose, etc., will depend on investigation of 
the sort about to be described in this paper. Nevertheless, it 
would be very unsafe to argue that, because some non-electrolytes 
are not equally distributed between the two fluids, there is there- 
fore an active secretion of these substances, either into or out of 
the eye. This point is well exemplified by the work of Fischer 
(1930), who found that the distribution of lactic acid between blood 
and aqueous humour was different according as the eye was normal 
or aphakic, the concentration in the aqueous humour in the latter 
case being smaller owing presumably to the removal of the lens, 
the glycolytic activity of which uses up glucose and contributes 
continuously to the amount of lactic acid present in the fluids of 
the eye. In this light also must the large quantity of hexuronic 
acid (vitamin C) in the aqueous be viewed. It is undoubtedly 
present in excess of the concentration in the serum sometimes 
being increased by 20 times; a circumstance which has suggested 
a secretory process. It is, however, reduced or absent in cataract 
and is present only in traces in aphakia (Miiller, 1932-3; 
Monukova and Fradkin, 1935; Bellows, 1936); and in these 
conditions it is present not in the reduced form as occurs normally, 
but only in the reversibly oxidized form (Buschke and Goldmann, 
1935; Bellows, 1936). On the other hand Bietti (1935) found 
that the oxidized form is in all circumstances equal to the con- 
centration in the blood as if it had merely filtered through; and 
the work of Miiller and Buschke (1934), Fischer (1934), Miiller 
(1935-7) and Bellows (1936) would seem to show that in the eye 
in the presence of the lens this substance is continuously converted 
by dehydrogenation into the reduced form, thus playing a part 
in the oxidation-reduction system of the lens and incidentally 
accumulating in the aqueous, a preservative action on the vitamin 
which is lost on the death or removal of this tissue. 

In addition to the lens, the retina is the seat of metabolic 
activity, and the products of such activity may influence the 
distribution of ions involved in the acid-base balance of the blood : 
further, on the whole, the metabolic products themselves will 
tend to be more highly concentrated in the aqueous humour than 
in the plasma whereas the initial reactants, e.g., glucose, will be 
expected to have a lower concentration. It may easily be that 
the net effect of such an activity will be even to produce an excess 
of osmotically active material in the eye (Benham, Duke-Elder 
and Hodgson, 1988). 

If this interpretation is correct, then such departures from the 
expected distribution-ratios on the basis of a static Donnan 
equilibrium may be due not to a secretory activity of the membrane 
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separating the aqueous humour from the blood plasma, but to 
the metabolism occurring within the eye; such an interpretation 
therefore allows of a reconciliation between the dialysate theory 
and the two or three outstanding observations in apparent conflict 
with it. It is quite possible that some substances, such as 
hyaluronic acid (Meyer and Palmer, 1936; Meyer, Dubos and 
Smyth, 1937), which is present particularly in the vitreous, may 
be secreted by the retinal and ciliary epithelium; but this in no 
way invalidates the general conception. 

3. The argument has been advanced that there is an irre- 
ciprocal permeability of the ciliary epithelium to salts and water.— 
The experiments described in this paper purport to show that this 
claim is without foundation. 

This argument was first propounded by Gaedertz and 
Wittgenstein (1927) on experiments based essentially upon studies 
of the penetration of dye-stuffs into the eye, acid dye-stuffs being 
found to penetrate, whereas basic dyes, e.g., neutral red, did not. 
Dye-stuffs, in general, are weakly acidic or weakly basic, and it 
is now generally realised that the mechanism of penetration of 
salts of weak acids and bases through a membrane is essentially 
different from that of salts of strong acids and bases (e.g., NaCl), 
the former being brought about by the penetration of undissociated 
acid or base produced by hydrolysis, followed later by ionic 
exchanges alone (see Tyler and Horowitz, 1937; Krahl and — 
Clowes, 1938). Thus salts of the weak base ammonium penetrate 
rapidly into the red blood corpuscle which is impermeable to 
cations, the mechanism being most probably the initial penetration 
of NH, followed by an exchange of anions (Jacobs, 1927; Jacobs 
and Parpart, 1938). The demonstration of the rapid penetration 
of the salts of weak bases such as ammonium into the erythrocyte 
does not prove that its membrane is specifically cation permeable 
but rather supports the opposite and correct view that it is 
specifically anion permeable; nor has it been accepted as evidence 
of secretory activity. 

There are many other objections to the use of dyes in permea- 
bility studies which need not be entered into here; suffice it to 
say that the failure or otherwise to observe the penetration of a 
dye into a given cell is not simply due to an impermeability or 
otherwise of the cell-membrane to the molecules of this dye, but 
involves the more general problem of vital staining, a much more 
complicated matter (Gicklhorn, 1931). 

An interesting investigation based on the use of dyes is that 
of Friedenwald and Stiehler (1938), who claim that the epithelium 
of the ciliary body shows a selective permeability in the sense 
that water and basic dyes are preferentially transferred in the 
direction of blood to aqueous humour, and acidic dyes in the 
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reverse direction ; the cause of this selectivity is said to reside in 
the concentration of Warburg’s yellow enzyme in the ciliary 
epithelial cells. In view of what has been said about the fallacy 
of arguing from the behaviour of dye-stuffs to the behaviour of 
ions in general, it is perhaps unfortunate that these striking claims 
rely essentially on observations of selective staining, the more so 
as one of the dyes principally used in this investigation, viz., Rose 
Bengal, is a strong haemolytic agent in concentrations upward of 
1x 10-7 M in the presence of light and upward of about 1 x 10-4 M 
in the dark (Blum, Pace and Garrett, 1927), i.e., in concentrations 
considerably less than those used by Friedenwald and Stiehler 
(M/1000). The action of lysins of this class is not confined to 
the erythrocyte (Lillie, Hinrichs and Kosman, 1935). 

4. A novel argument in favour of a secretory mechanism is 
that of Robertson (1939). This author has followed the pene- 
tration of glucose, urea, etc., into the lymph, the gastric juice, 
the cerebro-spinal fluid, and aqueous humour after an intra-venous 
injection of these substances; he argued that, because the course 
of penetration into the aqueous humour follows that into the 
gastric juice more closely than that into the lymph, the aqueous 
_ humour is a secretion. Reference to the equation* derived to suit 

the conditions of penetration into the eye will show that the rate 
of change of concentration of the penetrating substance is a 
function of A/V, the ratio of the area of the membrane to the 
volume of solution contained by it. For comparisons between 
rates of penetration in two different systems this ratio must be 
known otherwise differences in rate may simply be attributable 
to differences in this ratio and not to any special characteristic 
of the membrane. It is quite clear that in two such anatomically 
divergent systems as the optic and lymphatic, even an approximate 
equality of A/V will not be found, so that the comparisons are 
without value. Quite apart from this consideration the argument 
ignores certain obvious dissimilarities in circulations of the fluids 
compared, 

The arguments put forward by Robertson (1939) that the 
alteration of the intra-ocular pressure after varying the osmotic 
pressure of the blood by intra-venous injection shows a time-lag 
and corresponds in its variations with the time-curve of the gastric 
juice rather than with the tissue-fluids, and that, in the colloid 
osmotic disturbance of nephrotic oedema, it shows no tonometrically 
apparent variation are of great interest but may be susceptible 
to several explanations. In the first place, not only has the fluid 
interchange to traverse the capillary walls (a blood-tissue barrier 
as in other tissues) to reach the chambers of the eye, but there is 


* Vide infra. 
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interposed a second more complex membrane, which will be 
referred to at a later stage, which constitutes a tissue-aqueous 
barrier. In the second place, it must be admitted that in their 
reactions the capillaries vary considerably among the organs of 
the body. There is evidence, for example, that the ocular 
capillaries are much less permeable than most, a circumstance 
which accounts for the small protein content in the intra-ocular 
fluids. Moreover, there is presumably a_ self-regulating 
mechanism, probably of central origin and probably acting mainly 
through vascular reflexes, governing the physiology of the tension 
of the eye as there is of every physiological function. In the 
dramatic exigencies of animal experiment this control is broken 
down. Although experimentally the intra-ocular pressure varies 
directly with the blood pressure, clinically such variations appear 
to be buffered by some such control. Similarly it might be argued 
that although the intra-ocular pressure varies with colloid pressure . 
of the blood experimentally (Duke-Elder, 1927; and again con- 
firmed in this paper), such a variation need not be allowed to 
become tonometrically evident in the state of clinical nephrotic 
oedema. It may be of significance that the eye has an exception- 
ally efficient system of vaso-motor reflexes (Duke-Elder, 19381); 
and it may also be of significance that in conditions where such 
control would be expected to break down owing to the local 
liberation of histamine-like substances, the eye does share in a 
general oedema with a resulting marked glaucoma involving 
pressure over 100 mm. Schiétz, as in epidemic dropsy (Kirwan, 
1936). The whole of this argument, however, is highly hypo- 
thetical and must wait upon further research. 

These conditions, however, open up questions which our present 
knowledge of physiology cannot solve; but in the meantime it 
may be tentatively suggested that some of the arguments put 
forward in favour of the view that secretory activity dominates 
the fluid-traffic and the pressure of the eye are at least inconclusive 
in so far as they are susceptible to more than one interpretation. 


Section I].—CHEMICAL ANALYSES. 


In this section we shall describe the results of comparative 
chemical analyses of the aqueous humour and blood serum of cats. 
In the first series (Davson, Duke-Elder and Benkam, 1936) all 
three of the ions Na, K and Cl were determined simultaneously 
in the two fluids, and in the second (Davson, 1939) attention was 
concentrated mainly on the distribution of Na. 


Experimental.—Cats were anaesthetised with Et,O and bled from the carotid: 
during the bleeding the aqueous humour was removed from both eyes with a 
syringe. After clotting, the serum was removed and 5 ml were measured 
into a centrifuge-tube. Proteins were removed with trichloroacetic acid, the 


428 SIR STEWART DUKE-ELDER, AND OTHERS 


washings evaporated to dryness in a silica flask and the residue ashed with 
conc. HNO, (Kutz, 1931): The ashed residue was made up to 10 ml with 
distilled water and used for the Nat and Kt determinations. For determinations 
of Nat and Kt in the aqueous humour, 0-5 ml samples were measured into 
silica flasks and ashed directly with HNO,. The ashed residues were washed 
out into silica beakers, exaporated to dryness and taken up with 1 ml of water. 
Nat was determined by the method of Barber and Kolthoff (1928), Kt by 
Kramer’s method (1920), and Cl— directly on the serum and aqueous humour by 
a modification of the method of Van Slyke (1923). The modification 
consisted in filtering off the AgCl precipitate through an asbestos filter before 
titration with KCNS. All methods gave errors of about 1 per cent. 


TABLE I 
Na : K | Cl 
Serum Serum Rx our} Serum} Rey 
1 155 161 1°04 _ _ _ 130 124 0°96 
2 153 157 1°03 6°25 6°50 1°04 128 123 0°96 
3 147 161 1°09 _ 122 117 0°96 
4 162 170 1°05 6°20 6°05 0'97 135 135 1°00 
5 — — —_ 6°30 6°80 1°08 129 122 0°95 
6 151 161 1°07 615 6°75 110 127 123 0°97 
rf 150 160 1°05 6°00 6°50 1 08 129 123 0°95 


Concentrations are expressed in millimols. per kg. of water. 


In Table I are shown the results of experiments on six individual cats (Exps. 
1-6) and on the pooled aqueous humours and plasmas of four cats (Exp. 7). 
In this latter case the individual samples of plasma and aqueous humour were 
pooled in proportion. This rendered possible the use of 5 ml samples of aqueous 
humour for ashing just as with plasma so that the triplicate determinations 
of all three ions could be made; although trichloroacetic acid was unnecessary 
in the case of the aqueous humour, it was added so as to make the conditions 
identical. In the table the R values indicate the ratios of the concentrations 
of the ions, expressed as millimols per kg. of H,O, in the serum and aqueous 
humour; thus Rya equals (Na)s/(Na)aq. Blanks in the table indicate that 
insufficient material was obtained for all three analyses. 

It is evident that in all cases Rya is greater than unity as would be expected 
on the basis of the Donnan equilibrium; in all cases but one Ro is less than 
unity; the values of Rx were more variable than the others but similar in trend 
to those of Rya. The values for Exp. 7 represent the pooled serum and aqueous 
humour of four cats with a considerably smaller margin of error in the actual 
determinations. 


Van Slyke (1926) has shown on the basis of certain assumptions 
that human plasma in equilibrium with its dialysate should give 
values for R,, and R,, of 104 and for R,, 096; the experimental 
values obtained show a fairly satisfactory agreement with 
expectation. Thus Exp. 7, which is the most significant, gave 
values for Ry, and R, of 1:05 and 1-08 respectively and for 
R,, 0:95. However, it seems unlikely that the variability of the 
values of R as seen in Exps. 1-6, especially of R,, can be 
attributed to experimental errors in the determination of the ions. 
It must be emphasised that the Donnan ratios should be expressed 
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in terms of activities, and there seems no reason to suppose that 
the activity coefficients will be the same in both aqueous humour 
and serum; furthermore, the procedure for obtaining the fluids, 
anaesthesia, insertion of a hypodermic needle through the tough 
cornea, etc., must have temporary influences on the local concen- 
trations of these ions; for example D’Silva (1934) has shown that 
adrenaline, which is liberated during the anaesthetising process, 
causes an increased blood K+. : 

Thus, so far as these results go, it would appear that the ions 
Na, K, Cl, are distributed approximately in accordance with the 
laws of simple dialysis, or if this is to overstate the matter, it 
may be said that the variations from expectation are neither so 
large nor so consistent as to warrant the supposition of a secretory 
activity in respect to these ions. 


In this work the aqueous humour was divided into three portions 
for determinations of the separate ions; owing to the limited 
quantity of fluid it was not possible to make duplicate determin- 
ations, so that the errors were larger than they would have been 
had triplicate determinations of a single ion been compared. It 
was thought at the time that single determinations on all three 
ions would have more value, since, if deviations from the 
theoretical Donnan ratios occurred, the relative magnitudes and 
directions of the deviations of the positive and negative ions would 
give a clue to the nature of the disturbing factor. We concluded, 
however, that more accurate analyses of a single ion, t.e., Nat, 
would give a more decisive answer to the problem. The reasons 
for this are as follows (Davson, 1939). 

(a) The Nat is the main cationic contributor to the osmotic 
pressure of the blood and aqueous humour; consequently any 
differences in concentration between these fluids caused by 
experimental technique or changes in hydration of the animal will 
be comparatively rapidly levelled out by osmosis of water. This 
is not the case with K+, since changes in the concentration of 
the fluids with respect to this ion must be levelled out by a process 
of diffusion and may take hours for completion (Davson and 
Quilliam, 1940, in press). 

(b) So far there is no evidence that the Na concentration of 
blood is influenced by anaesthesia, but D’Silva (1934) has shown 
that the K concentration in the plasma of the cat rises during 
ether anaesthesia. 

(c) Changes in the CO, tension of the blood of the order of 
magnitude encountered in the experimental technique used in this 
type of work are reflected in negligible changes in the Na con- 
centration of the plasma, whereas they may have a considerable 
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influence on the Cl concentration; thus there is a difference ot 
15 per cent. between the plasma Cl concentrations in arterial 
and venous blood (Doisy and Beckmann, 1922). Similarly a 
variation in the temperature at which the blood is allowed to clot 
will have a minimal effect on the cation concentration of the 
plasma. 

(d) A more careful investigation into the Barber-Kolthoff (1928) 
method of Na determination reveals that it has greater poten- 
tialities as an accurate means of determining small differences of 
concentration than the methods available for the determination 
of K and Cl. 

In this work the distributions of Na between the aqueous humour 
and blood-serum of 18 cats are recorded. Blood was drawn under 
nembutal anaesthesia from six cats, and by heart puncture without 
general anaesthesia from the remainder. Owing to the improved 
technique, to variations of 05 per cent. or greater in these 
distribution-ratios from the theoretical ratio of 1:04 may now be 
ascribed a significance which it would have been unjustifiable 
to assume in the earlier work. Hence, although the present results 
bear out the earlier ones in that the mean Na ratio lies fairly close 
to the theoretical value, they do, nevertheless, leave room for a 
possible secretory activity on the part of the membrane separating 
the eye-fluids from the plasma. Owing to the divergencies from 
theory obtained in these experiments, both Na and Cl were 
determined in a group of six cats. Duplicate estimations were 
possible in both instances owing to the use of the AgIO, method 
for Cl determination (Sendroy, 1937), which requires much smaller 
quantities of fluid than the Volhard method. The variations in 
the Cl ratios did not correspond in any regular way with those 
of the Na. 


Determination of sodium.—Three 0-5 ml lots of each fluid were measured out 
into silica flasks with long thin necks; 1 ml of conc. HNO, and two drops of 
conc. H,SO, were added to each and the contents heated gently for 30 minutes 
on a sand-bath. The temperature of the bath was then raised so that the HNO, 
evaporated. When the contents of the flask had evaporated to apparent dryness 
the latter was cooled so that the H,SO, and HNO, remaining inside condensed; 
the flask was then replaced on the sand-bath and more organic matter was 
destroyed. By cooling and heating in this manner three or four times all the 
organic matter was removed without raising the temperature above about 350°; 
further the amount of acid used for ashing was the same for all samples, thereby 
controlling the blank due to the presence of Na in this reagent. The contents 
of the flask were washed out into a silica beaker with four successive lots of 2 ml 
of H,O, the solution was evaporated to dryness on a sand-bath and after the 
addition of 1 ml of H,O the Na was determined by the Barber-Kolthoff (1928) 
gravimetric technique. The following precautions, in addition to those described 
by these authors, should be observed. After addition of the reagent the mixture 
is stirred with a thin glass rod for at least 1 min.; the precipitate adhering to 
the rod may be washed off into the beaker with a few drops of the reagent. As 
a washing medium for the precipitate, 95 per cent. EtOH saturated with freshly 
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prepared sodium-zinc-uranyl acetate is used; it ie useless to attempt to store 
this wash fluid as a fine precipitate settles out continuously. 

Of triplicate determinations made in this way, two usually agreed to within 
1 in 600, and it was rare to find one of the three deviating from the mean by 
more than 1 per cent. 

Determination chloride.—This was carried out exactly as recommended by 
Sendroy (1937), without removal of proteins from the serum, with the exception 
that the excess of ay was removed by filtering through asbestos. The 
individual results rarely differed from the mean by more than 0-5 per cent. 

Determination of total solids in the serwm.—About 2 ml of serum were weighed 
in a bottle and evaporated to dryness on a sand-bath; the bottle was then 
transferred to an oven at 106° and the contents dried to constant weight. 

Errors in the determination of Na.—In work of this kind, in which fluids of 
very nearly equal compositions are compared, it is essential that a fair state- 
ment of the errors should be made. In Table III the results of which the authors 
wish to stress most, an idea of the accuracy of the figures presented may be 
derived from the following: In Exps, 1, 5, 6, 9 and 11 two of the three 
determinations of Na in the serum and two of the three determinations in the 
aqueous humour gave values differing by less than 1 in 600; in Exps. 2, 4, 7, 8, 
10 and 12 two of the determinations on one fluid differed by less than 1 in 600, 
whilst two of the determinations on the other fluid differed by less than 1 in 
300. In Exp. 3 two determinations of the aqueous humour differed by 1 in 600, 
whilst the discrepancy between the values for the serum was less than 1 in 100. 


Tasie II 


Na contents of serum, expressed in millimol. per kg., from blood 
drawn first by heart puncture and then from the carotid artery after 
ether anaesthesia. 


Exp. No. | Heart Puncture | Ether Anaesthesia | Change (%) 


152°5 152°0 
1545 154°0 
149°0 149°0 
149°0 154°0 
144°5 1460 
1480 1520 


The effect of ether anaesthesia on the Na content of the serum of the cat 
is shown in Table II; the blood was drawn first by heart puncture, and about 
15 min. later from the carotid under ether anaesthesia. In three imstances the 
influence of ether was negligible, and in the remaining three an increase of 1-3 per 
cent. was observed. These last results may account for the rather large values of 
the ratio (Na)s/(Na)asq = (Rwa) observed earlier. 

In Table III the Na contents of serum and aqueous humour of twelve cats 
are shown, together with the percentage solids in the serum. In the fifth and 
sixth columns the values are expressed as millimol. per kg. of H,O, assuming 
the aqueous humour to contain 1 per cent. of solids. In the final column the 
values of the ratio (Na)s/(Na)ag are given, the figures being given to the 
nearest 5 parts in 1,000. In Exps. 1-6 the blood was withdrawn by heart 
puncture, and in Exps. 7-12 under nembutal anaesthesia. It is seem that the 
mean Ryg is the same for the two groups. It is clear, however, that individual 
ratios may differ by as much as 3-5 per cent. from the theoretical value of 
1-04 (Van Slyke, 1926), and there seems to be no correlation between the i 
content (i.e., the percentage solids) and the magnitude or sign of the deviation. 

In Table IV are shown the results of six experiments on the distribution of 
both Na and Cl between the serum and aqueous humour; blood was drawn by 
heart puncture and allowed to clot under paraffin. In the final column the 


| —03 
2 
3 o0 
4 34 
5 10 
6 27 
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products Ry, x Ro are shown; on the basis of the Donnan equilibrium and 
assuming that activities are equal to concentrations, this product should equal 
' unity. It is clear that marked deviations from unity occur, and further that 
a low Rya value does not always correspond to a low Rg as would be 
expected were NaCl, as such, being excreted into the aqueous humour. The 
mean Rya is equal to that for Exps. 1-12 (Table III). 


TaBLe III 


Sodium contents of serum and aqueous humour of twelve cats. Exps. 
1-6, blood withdrawn by heart puncture; Exps. 7-12, under nembutal 
anaesthesia. 


Aqueous Aqueous 
millimol./ |in serum kg. H millimol./ 


Exp. 
No. 


164°7 155°9 
169 5 158°6 
161°3 160 5 
162°0 161°4 
157°7 153°6 
162°7 156°0 
176°8 173°9 
160°9 154°6 
160°0 154°4 
167°2 159°8 
162°0 
159°0 


152 3 158°0 
154°4 157°0 
148°7 158°9 
149°2 159°8 
144°3 
147°9 154°4 
162°3 172°0 
147°9 1529 
146°4 152°8 
152°2 1582 
150°7 155°3 
145°7 153 2 


Mean (Exps. 1—6) 
Mean (Exps. —12) 
Standard deviation (Exps. 1—18 ; vide Table IV) 


WYO 
UO 


~ 


TABLE IV 


Results of simultaneous determinations of sodium and chloride in the 
serum and aqueous humour of six cats. Blood was withdrawn by heart 
puncture. 


Exp. % solids 
Rya ia serum Rya* Rc, 


1°005 0°955 
1°050 ‘ 
1°030 0-980 
1°005 0-915 
1°045 0°980 
1°035 0-990 


1.030 0-970 


The results of the experiments described in this sub-section 
show that the distribution of Na between the serum and aqueous 
humour of the cat may vary from the theoretical ratio derived on 


| 
| | Rya 
1°055 
1°070 
1°005 
1°005 
| 1°015 
1°040 
1°015 
1 040 
1°035 
| = 1°030 
1°030 
> 
1°030 
0°018 
| 
13 
14 
15 
16 
18 
| Mean 
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the basis of a Donnan equilibrium; the variation is irregular, 
however, and the means of the successive groups are equal and 
differ only by 1 per cent. from this theoretical ratio. The product 
Ry, X Rg is neither equal to unity in all the cases examined 
nor is it the same from one individual to another. So far a 
‘* theoretical ’’ Ry, has been mentioned as though this were an 
invariable quantity; this, however, is not so, since its value 
depends on the number of indiffusible anions present in the 
plasma, and this will depend on the protein concentration, the 
relative amounts of the constituent serum proteins, and the acidity 
of the serum. The latter may be taken as constant, since intravital 
variations in acidity are not large enough to influence these results. 
Inspection of Tables III and IV shows that the percentage solids, 
and hence presumably the protein concentration, varies from 
serum to serum, so that deviations from the ‘‘ theoretical ’’ value 
of R,, might be expected to be related to the protein content of 
the serum ; nevertheless, there is no correlation between the protein 
concentration and the deviation of individual values of Ry, 
from the mean. 

Let us now turn to an investigation of in vitro ultra-filtrates 
of plasma. Ingraham, Lombard and Visscher (1933) have 
calculated that the relative concentrations of diffusible salts in a 
dialysate of plasma should be equal to those from an ultra-filtrate. 
They then determined the distribution of ions between dogs’ 
plasma and its ultra-filtrate. The present authors have calculated 
the results as the ratio (Na), /(Na),,- 

The seventeen determinations gave a mean value of 1:08 with 
a standard deviation of 0-021. Six ratios selected at random gave 
values of 1:05, 1:11, 1:09, 1:09, 1:02, 1:09. 

Two points emerge from these results: first, that the variability 
of the distribution of Na between plasma and its dialysate in vitro 
is slightly greater than that found for the distribution of Na 
between serum and aqueous humour (standard deviation, 0-018), 
and secondly, the mean Ry, is greater than the calculated value 
of 104. Ingraham and his co-workers show, however, that this 
high value may be due to the proteins which depress the activity 
of the Na in the plasma. 

Some results of Greene and Power (1931) on artificial in vivo 
dialysates of plasma may next be considered. The following 
values of the Ry, have been taken at random: 1°65, 111, 114, 
1:11, 1:15, 1:11. The mean of 15 determinations by these authors 
was 1:10. It is clear that here, also, the deviations from the 
mean are greater than with the aqueous humour and serum; also 
the ratios are very much greater than the theoretical value of 1-04. 
Similar values were found by Greene, Bollman, Keith and 
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Wakefield (1931) for the distribution of Na between plasma and 
ascitic fluid. 

_ In the light of these results on in vitro systems and artificial 
in vivo dialysates it would be very rash to conclude that deviations 
from a certain theoretical Ry, of 1°04 of the size met with in this 
work are proof that a secretory process is at work in determining 
the formation of the aqueous humour. In fact, if a direct com- 
parison of the various systems is permissible, it would appear 
that the membrane separating the aqueous humour from the blood- 
plasma in the cat is a more efficient dialysing apparatus than the 
collodion sac. Any proof that a secretory activity occurs in 
the cat must come from other sources. 


Section III.—PERMEABILITY STUDIES. 


In Section II we have seen that the results of chemical determin- 
ations of sodium, potassium, and chloride in the aqueous humour 
and serum of cats would suggest that these ions are on the average 
distributed in accordance with the Donnan equilibrium ; the most 
accurate work would indicate a variability in the distribution 
which may not be due entirely to adventitious changes in the 
concentrations of these ions in the plasma an hour or two before 
the fluids were withdrawn although the extent of the variability 
of the distribution ratios is rather less than determinations of 
similar ratios in in vitro ultra-filtrates and in vivo artificial 
dialysates of serum. Let us therefore assume, as one of us has 
recently suggested (Duke-Elder, 1938), that the aqueous humour 
may behave in a general way as a dialysate but that superimposed 
on this behaviour is the complication of a second multi-layered 
membrane forming the tissue-aqueous barrier and perhaps also 
an activity of the epithelial cells of the ciliary body to modify to 
a small extent the composition and consequently the ionic distri- 
bution-ratios of the aqueous humour and plasma. If secretory 
activity is to be postulated, evidence must be produced that the 
membrane separating the eye contents from the blood plasma has 
the power of moving salts against concentration-differences in the 
same way, for instance, as does the tubular epithelium of the 
kidney. So far the exponents of the secretory theory have failed 
to provide any direct evidence on this point although claims have 
been made respecting the selective activity of the membrane which 
would at first sight seem to provide some basis for postulating 
a secretory activity. Thus perhaps the only really convincing 
argument made by the advocates of secretion is that the membrane 
of the eye shows uni-directional permeability, crystalloids and 
water being able to penetrate into the eye but not out (Friedenwald 
and Pierce, 1931; Friedenwald and Stiehler, 1938). If this were 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

i 
| 
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the case a membrane with this property would, from analogy with 
other systems, be expected to show secretory functions, although 
uni-directional permeability per se would not necessarily preclude 
an equilibrium-distribution of crystalloids indistinguishable from 
that in a dialysate. Gaedertz and Wittgenstein (1927) on the 
basis of experiments carried out chiefly with dyes claim that the 
membrane is specifically permeable to anions and impermeable 
to cations; this fact of itself is not sufficient to justify the postul- 
ation of a secretory mechanism since specific ionic permeability 
is associated with cells which show no secretory activity, e.g., 
the erythrocyte (Davson and Danielli, 1938), but the démonstra- 
tion of the existence of a specific anion permeability of the 
membrane would again provide a useful theoretical basis for 
secretory activity, whereas a membrane incapable of distinguish- 
ing between negative and positive ions would give greater 
difficulties. 

In the present work three main problems have been investigated. 


(a) Does the membrane, as claimed by Friedenwald and his co- 
workers, show uni-directional permeability in respect to 
crystalloids ? 

(b) Is the membrane as claimed by Gaedertz and Wittgenstein 
specifically anion permeable ? 

(c) Has the membrane any secretory functions in respect to 
ions ? 

By using the isolated head preparation and varying the 
’ potassium, sodium and chloride in the perfusing fluid, unequivocal 
answers to the problems (a) and (b) were obtained showing that 
these claims are without foundation. To test (c) a similar set-up 
was used, and it was argued that since secretion is associated 
with an oxidative activity on the part of the cells which is 
normally poisoned by cyanide (vide, e.g., Hober and collaborators, 
1927-1930, in respect of kidney and liver, and Huf, 19386, in 
respect of frog’s skin), then the rate of penetration of an ion, 
e.g., K+, across the membrane should vary according as the eye 
is alive or poisoned with cyanide. If this argument is correct, 
then the results shown here would indicate the absence of a 
secretory activity on the part of the membrane in respect to the 
potassium ion at least. 

The rate of penetration of potassium was measured in the 
direction from blood to aqueous humour as it is possible 
to maintain a reasonably constant high level of potassium in the 
blood. An attempt was made to measure the rate of penetration 
of potassium from the eye into the blood; to do this necessitated 
reducing the potassium content of the perfusing blood, this being 
done by dialysing the blood against isotonic NaCl - NaHCO,; 
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it was found, however, that the level of potassium in the blood 
rises again so rapidly to its normal value during the perfusion 
that it was impossible to maintain a concentration-difference 
between the inside and outside of the eye long enough to make 
accurate measurements. Presumably the rise in blood potassium 
was due to an escape from muscle (Fenn, 1936) and/or nerve cells. 

The rates of penetration of sodium and chloride were measured 
in the direction eye to blood, as it is possible to reduce their 
concentration in the blood by diluting with isotonic solutions 
containing a colloid, thereby maintaining the relative osmotic 
pressures reasonably constant. A single experiment was carried 
out using a raised sodium content, i.e., sodium penetrating from 
blood to aqueous humour, but the result was equivocal owing to 
the large osmotic pressure difference created by the addition of 
excess sodium chloride which, of course, caused water to pass out 
of the eye. 


Experimental.—The essentials of the procedure were to perfuse 
an isolated cat’s head with cat’s blood containing either an excess 
or deficiency of one of the ions, potassium, sodium or chloride, 
using the aqueous of one eye to obtain the initial value of the 
concentration of the ion considered, and after a definite interval 
of time the aqueous of the other eye was withdrawn for analysis. 
Determinations of the concentration of the ion in the blood-serum 
during the perfusion gave the concentration-difference between 
the serum and the aqueous, and from these values a permeability . 
constant could be calculated. 

When it was desired to compare the rates of penetration of a 
given ion into the living and dead eyes of the same head, a 
determination of the concentration of the ion in the animal’s own 
blood at the time of severance of the head enabled an approximate 
calculation of the concentration initially present in the aqueous.- 
Consequently the first withdrawal of the aqueous was made after 
one hour of perfusion, and the second after a further hour during 
which the head was poisoned with cyanide. In this way two 
permeability constants were obtained, one for the penetration into 


the living eye, and one into the poisoned eye. 


The cat was anaesthetised with ether and subsequently with chloralose. The 
dorsum of the second cervical vertebra was exposed and cleaned and a dissection 
was then made to expose the common carotids for about one and a half inches 
to their bifurcation. A portion of the larynx and trachea were removed. The 
common carotids were clipped and cannulated and connected with the perfusion 
circuit. Just prior to the occlusion of the vertebral circulation with an ecraseur 
the clips were removed thereby establishing the perfusion of the head, and con- 
sequently the head was at no time during the procedure deprived of a fully 
oxygenated blood supply. A Dale-Schuster pump was used to propel the blood 
through the perfusion circuit which included a resistance and an oxygenator, 


the latter being of the type used by Gregory (1939) and Chute and Smyth (1939), 
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and a current of 95 per cent. oxygen and 5 per cent. carbon dioxide was passed 
through it.. The temperature of the circulating blood was maintained constant at 
37°C. by immersing most of the circuit in a water-bath, the temperature of which 
was controlled by a thermo-regulator of the type used by Lythgoe and Quilliam 
= - _ Two cats were usually bled under ether anaesthesia to provide 

efibrinated blood for the perfusion apparatus before the experiment. For 
further details of the procedure the reader is referred to a paper by Chute and 
Smyth (1939). The sion pressure was maintained as constant as ible at 
180 mm. Hg. The varied in different animals, from 40 to 90 per min. 
and invariably increased after poisoning the preparation with cyanide. 


The isolated head thus prepared exhibits a blink reflex in 
response to a puff in the eye, or to movement of the vibrissae, or 
to direct stimulation of the cornea or the inner canthus of the eye. 
A tap on the nose elicited a jaw jerk and a blink, and. often in 
raised blood potassium experiments a series of jaw movements. 
The pupil of the eye was constricted and spontaneous eye, ear, 
and jaw movements were occasionally seen. When the isolated 
head is deprived of an oxygenated blood supply, or is poisoned 
with cyanide, reflexes vanish and the pupils widely dilate. The 
constriction of the pupil was taken as an indication that the 
preparation was alive. Eye-fluids for analysis were withdrawn 
with a clean dry syringe. Ros 


Chemical Methods of Analysis.—Davson (1939) has recently described a pro- 
cedure for the exceptionally accurate determination of sodium in serum and 
aqueous humour involving the Barber-Kolthoff (1928) gravimetric precipitation. 
This method was used in this work for both sodium and potassium, the latter 
being precipitated by the Kramer (1920) sodium cobaltinitrite procedure and ~ 
estimated volumetrically. The chloride was determined by the method of 


Sendroy (1937). 


The rate of penetration of a substance into the eye will be 
given by the following equation : 
dx 
—=kA (C, Cy.) 
dt 
where x is the amount of the substance penetrating into the 
aqueous humour, C, and C,, are respectively the concentrations 
of the substance in the serum and aqueous humour. 
A is the area of the membrane through which diffusion occurs. 
k is a permeability constant. 
t is the time in minutes. 
This assumes that the rate of passage across the membrane is 
slow compared with the rate of diffusion in the eye and blood. 
Since the concentration of the substance at any moment is given 


x+I 
by C,, 


where I is the amount initially present in the 


eye and V the volume of the aqueous, which remains virtually 
constant, 
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dC,, kA 
we get —— = —— (C,* -€,,) 
V 


dt 
1 (C, C,,)ti 
which gives log. 
(ta-t) (Cy 
kA 


2303 
= K 

assuming that the serum concentration remains constant (actually 
the. serum concentrations did vary slightly so that a mean value 
for the whole period was used), t, is the time at the beginning and 
t, the time at the end of the experimental period. Thus if 
it is assumed that A/V, the ratio of the area of the blood-aqueous 
barrier to the volume of the eye is a constant for different eyes, 
the logarithmic ratio may be considered as a measure for com- 
parison of the rates of penetration of a given substance into the 
eye. Such a treatment is not strictly correct for ionic permeability, 
since potential differences will be set up owing to the unequal 
rates of diffusion of the positive and negative ions; however, in 
view of the obvious approximateness of many of the assumptions 
at the basis of the equation, and further since the experiments 
show that the relative rates of penetration of anions and cations 
are not greatly different, a more exact treatment would be 
supererogatory. 

Results.—In Table V the initial concentration of the potassium 
ion in the aqueous humour (A,) is made equal to 100 and its 
concentration in the aqueous humour after a definite interval of 
perfusion (A,) and its mean value in the serum (S) are scaled 
up appropriately. 

Inspection of the values of K, the measure of the rate 
of penetration of potassium, shows a variability between the 
extremes of 16 and 36, with a mean value of 24 for the rate of 
penetration into the living eye against a mean value of 22 for 
the poisoned eye. In view of the individual variations a difference 
between the means of only two units is without significance. 
Thus so far as these experiments go there is no great difference 
in behaviour between a living and dead eye in respect to the rate 
of penetration of potassium. Whether or not the variability from 
one preparation to another is due to different permeabilities of 
the membrane or merely to variations in A/V of course cannot 
be decided. The fact that out of 9 experiments on living eyes 
five of the values of K differ by not more than 4 units from the 
mean indicates a regularity in behaviour in response to a raised 
blood potassium that is reconcilable with a purely mechanical 
diffusion process. 
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TABLE V 


Penetration of potassium into the aqueous humour. Initial value of 
the concentration of potassium in the aqueous humour (A,) equals 100. 
A, equals concentration after one hour of perfusion with blood of 
potassium concentration equal to S. In experiment, January 12, 1939, 
the time period was 75 min. 


1 (S-A,) t, 
1 “| Remarks 


og. 
(S-A,) t, 


| 
Experiment 100 [ K= 


January 3, 1939 - Alive 
December 21, 1938 Alive 
December 14, 1938 Alive 
December 7, 1938 Alive 
November 15, 1938 Alive 
January 18, 1939- Alive 
May 5, 1939 - - Alive 
May 11, 1939 - - Alive 
May 15, 1939 - - Alive 


January 12, 1939 - 100 | 176 Poisoned 
March 24, 1939 - 100 } 124°5 Poisoned 
March 31, 1939 - 100 | 134 Poisoned 
May 18, 1939 - - 100 | 147 Poisoned 
May 25, 1939 - 100 138°5 Poisoned 
June 28, 1939 - - 100 | 116 - Poisoned 
Mean=22 


Mean of K X 100 for both living and poisoned heads 23. 


In an endeavour to obtain more accurate evidence in respect 
to a possible difference in behaviour of living and dead eyes, 
experiments were carried out in which the head was perfused 
with a blood containing a raised potassium for two successive 
hours, one hour alive and one hour either alive or poisoned with 
cyanide. In this way a direct comparison on the same animal 
could be made, provided a value for the initial concentration in 
the aqueous humours of the eyes before perfusion began could 
be obtained without actually withdrawing the aqueous humour. 
An approximation to this value can be obtained by estimating 
the potassium content of the serum of the animal whose head 
was used in the experiment, and multiplying by the factor 1/107 
which is about the average ratio of the concentrations of potassium 
in the aqueous humour and serum at the end of the operative 
procedure, this high value being due to a gradual increase in 
the potassium content of blood under anaesthesia, the aqueous 
concentration lagging behind. ‘This, unfortunately, introduces a 
fairly large possibility of error into the calculation, perhaps in an 
extreme instance of plus or minus 6 units; not sufficient, however, 
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to mask any large change in permeability which would be expected 
supposing that cyanide suppresses a secretory mechanism. Results 
of this series of experiments are shown in Table VI, where A, 
is the value of the initial concentration of potassium in the aqueous 
humour calculated in the aforementioned manner, A, is the value 
after one hour of perfusion, and A, after a further hour. S, and 
S, are the mean values of the serum potassium concentration 
during the first and second hours respectively. K, and K, refer 
1 (S- 

to the values of log 

t,-t, (S - A,)te 
calculated for penetration during the first and second hours. 


TABLE VI 


Penetration of potassium into aqueous humour of both eyes. A, 

equals the calculated potassium content of the aqueous before perfusion, 
A, and A, the observed concentrations after 1 and-2 hr. of perfusion with 
blood containing potassium in the mean concentrations S, and S, 
respectively. 


Experiment Remarks 


May 15, 1939 : Alive 
May 11, 1939 Alive 
May 5, 1939 Alive 
May 25, 1939 - Poisoned 
March 31, 1939 - - Poisoned 
March 24, 1939 Poisoned 
June 28, 1939 - - 4 Poisoned 


In the first three experiments shown in Table VI, the head was 
alive for both periods of one hour, and it is seen that the values 
of K, and K, are reasonably constant. In the last four 
experiments the head was poisoned with cyanide at the beginning 
of the second hour, and it is seen that although there is a slightly 
greater variation in the relative values of K, and K, the differences 
in any given experiment fall within the limits of experimental 
error; actually a slight increase in the value of K during the 
second hour might be expected owing to the increased flow that 
occurs after poisoning with cyanide. : 

In Table VII are shown some results on the diffusion of sodium 
and chloride. 

In the first five sodium experiments the concentration of sodium 
in the serum was reduced by the addition of a diluting mixture con- 
sisting of isotonic glucose and gelatine or gum arabic ; in this way 
the osmotic pressure was maintained as constant as possible. 
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TABLE VII 


Permeability of the aqueous humour-blood barrier to sodium and 
chloride. In experiment January 25,1939 penetration is in the direction 
blood to aqueous humour, in the remaining experiments the direction is 
reversed. 


SODIUM 


_ Experiment A, Remarks 


March 17, 1939 - 94 ‘ Alive 
February 22, 1939 90°5 Alive 
May 19, 1939 - - 97°5 4 Poisoned 
May 26, 1939 - - 96°5 Poisoned 
May 31,1939 - - 94°5 Poisoned 


Mean value of KX100=9 
January 25, 1939 j | | _ Alive 


CHLORIDE 


June 19, 1939 - 100 | 94°5 | 


June 14, 1939 - 100 94 Alive 


| 


It is very difficult to make viable preparations using such a 
perfusion fluid, and a number of preparations died soon after 
the change over. In these instances cyanide was added to ensure 
complete suppression of any secretory activity and the experi- 
mental values of K obtained have been presented. It should be 
emphasised here that we do not wish to make a close comparison 
between the behaviour of the living and dead eyes in respect 
to sodium and chloride permeability owing ta the small number 
of experiments on these ions. It is merely desired primarily to 
show that sodium and chloride can diffuse out of the eye. If the 
suppression of a secretory activity could be expected to produce 
a manifold variation in the permeability to sodium and chloride, © 
then of course a comparison of the figures presented would 
certainly indicate the absence of a secretory activity. The results, 
however, show beyond doubt that sodium can penetrate the blood- 
aqueous humour membrane. In the sixth experiment the sodium 
content of the blood was raised by addition of molar NaCl, thereby 
increasing the osmotic pressure, and therefore causing a loss of 
water from the eye; this was apparent by the marked decrease in 
intra-ocular pressure as soon as the sodium chloride was added. 
It is to be noted that the value of K in this instance is 38 as against 
values of 5-17 for the rate of penetration in the opposite direction, 
and this difference is doubtless due to the migration of water 
‘producing an apparent penetration of sodium. Whether any 
sodium actually penetrates can, of course, not be definitely proved. 
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In the same Table two experiments are shown on the rate of 
loss of chloride from the eye, one on a live head and the other 
on a poisoned one. In these cases the blood was diluted with 
isotonic NaNO, - NaHCO, solution. The results show no obvious 
difference in behaviour between the living and dead eye. The 
close agreement between the two values is, of course, accidental. 
The point we wish to emphasise from the results in Table VII is 
simply that chloride and sodium are able to migrate across the 
membrane. 

The mean value of K for sodium auilae the conditions of 
penetration from aqueous humour to blood is 9 compared with a 
value of 23 for potassium, penetrating, however, in the reverse 
direction. This difference is obviously significant and is what 
one would expect from the comparative sizes of the two ions. 
Chloride seems to diffuse at about the same rate as sodium, thereby 
_ showing that the claim of specific anionic permeability is both 
qualitatively and quantitatively unfounded. 5 

The results described in this section provide definite proof that 
potassium and sodium may penetrate into the eye and that sodium 
and chloride may pass out ; consequently any argument in favour 
of a secretory mechanism of the formation of the aqueous humour, 
based on an alleged irreciprocal permeability of the membrane or 
on an alleged specific ionic permeability, is without foundation ; 
we have already pointed out that it is based on the very equivocal 
results of vital standing. 


CONCLUSIONS. 


1. The distribution of ions between the aqueous humour and 
the blood serum is consistent with the conception of dialysation, 
and shows deviations from theoretical values less than those 
obtained in dialysates in other in vivo systems and in artificial 
dialysates of serum. The distribution of non-electrolytes can 
provide no competent basis for argument. 


2. The permeability between the serum and the aqueous is 
comparable in the normal animal, in the surviving perfused head, 
and in the perfused head poisoned with cyanide; in these circum- 
stances the existence of any secretory activity in transit is 
impossible. The results of the present experiments show no 
difference in general behaviour between the living and the dead 
eye, a finding which argues against the existence of secretory 
activity. 

38. The claims advanced for the existence of irreciprocal per- 
meability between blood and aqueous are qualitatively and 
quantitatively unfounded. 
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4. In general terms we consider that it would be unwise to 
revive the old theory to the effect that the aqueous humour is a 
secretion elaborated by specialised cells, and that it would be 
preferable, and more in consonance with the experimental facts, 
to regard the aqueous humour primarily as an ultra-filtrate of 
plasma ; but, as a result of metabolic activity occurring in the eye, 
and perhaps of the interposition of a second membrane (as opposed 
to a secretory activity of the membrane), to conclude that the 
concentrations of certain dissolved constituents in the aqueous 
humour are modified so that the observed concentrations represent 
a Steady state and not the static Donnan equilibrium which one 
would expect in the absence of such disturbing activity. 


We are indebted to the Medical Research Council for financial assistance in 
the payment of expenses incurred in these researches. 


ADLER (1933).—Arch. of Ophthal., Vol. X, p. 11. 
BARBER and KoLTHOFF (1928).—J/. Amer. Chem. Soc., Vol. L, p. 1625. 
BELLows (1936).—Arch. of Ophthal., Vol. XV, p. 78; Vol. XVI, pp. 58, 762. 
BENHAM (1937).—Btochem. Jl., Vol. XXXI, p. 1157. 
BENHAM, DUKE-ELDER and HopGson (1938).—Jl. Physiol., Vol. XCII, p. 355. 
BiETTI (1935).—Boll. d'Ocul., Vol. XIV, p. 3. 
Buium, Pace and GaRRETT (1937).—Jl. Cell. and Comp. Phystol., Vol. 1X, p. 217. 
BuscHKE and GOLDMAN (1935).—Klin. Woschr., Vol. XIV, p. 239. 
CHUTE and SMYTH (1939).—Quart. Jl. Exp. Physiol., Vol. XXIX, p. 379. 
Davson (1939).—J/. Phystol., Vol. XCVI, p. 194. 
DAVSON and DANIELLI (1938).—Btochem. Jl., Vol. XXXII, p. 991. 
Davson, DUKE-ELDER and BENHAM (1936).—Btochem. Jl., Vol. XXX, p. 773 
Davson and QuiLLiaM (1940).—In press. Jl. Physiol. 
Doisy and BECKMANN (1922).—J/. Biol. Chem., Vol. LIV, p 683. 
D’S1Lva (1934).—Jl. Phystol., Vol. LXXXII, p. 393. 
DUKE-ELDER (1927).—Jl. Physiol., Vol. LXIV, p. 78. 
(1938).—Trans. Ophthal. Soc. U.K., Vol. LVIII, p. 99. 
DuKE-ELDER, DavsoNn and BENHAM (1936).—Brit. Jl. Ophthal., Vol. XX, p. 520. 
and DUKE-ELDER (1931) —Proc. Roy. Soc., (B), Vol. CIX, p. 19; Jl. 
Physiol., Vol. LXXI, p. 268. 
FENN (1936).—Physiol. Rev., Vol. XVI, p. 450. 
FISCHER (1930).—Arch. f. Augenheilk , Vol. CIII, p. 554. 
(1934).—Ibid., Vol. CVIII, pp. 527, 544. 
FRIEDENWALD and PiERCE (1931).—Bull. Johns Hopkins Hosp., Vol. XLIX, 
. 259. 
Rasen and STIEHLER (1938).—Arch. of Ophthal., Vol. XX, p. 761. 
GAEDERTZ and WITTGENSTEIN (1927).—Arch. f. Ophthal., Vol. CXIX, pp. 395, 
403, 755. 
GICKLHORN (1931).—Ergeb. Physiol., Vol. XXXI, p. 388. 
GREENE, BOLLMAN, KEITH and WAKEFIELD (1931).—J/. Biol. Chem., Vol. XCI, 
. 203. 
Power (1931).—Jl. Biol. Chem., Vol. XCI, p. 183. 
GREGORY (1939).—Proc. Physiol. Soc., March 3, 1939. 
HoBeER (1930) —Pflug. Arch., Vol. CCXXIV, p. 422. 
HoBER and MACKUTH (1927).—Pflug. Arch., Vol. CCXVI, p. 420. 
HoBER and TITAJEw (1929-30).—Pflug. Arch., Vol. CCXXIII, p. 180. 
Hopcson (1938).—Jl. Physiol., Vol. XCIV, p. 118. 
HuF (1936).—Pflug. Arch., Vol. CCXXXVIII, p. 143. 
INGRAHAM, LOMBARD and VISSCHER (1933).—Jl. Gen. Physiol., Vol. XVI, p. 637. 
JacosBs (1927).—Harvey Lectures, Vol. XXII, p. 146. 
JacoBs and ParparT (193s).—Jl. Cell. and Comp. Physiol., Vol. XI, p. 175. 
KIRWAN (1936).—Brit. Jl. Ophthal., Vol. XX, p. 321. 


REFERENCES 


444 IDA MANN AND B. D. PULLINGER 


KRAHL and CLowEs (1938).—Jl. Cell. and Comp. Physiol., Vol. XI, pp. I, 21. 
KRAMER (1920).—J/. Biol. Chem., Vol XLI, p. 263. 
Kutz (1931).—Jl. Biol. Chem., Vol. XCII, Proceedings, p. 72. 
LILLIE, Hinricus and KosMAN (1935).—Jl. Cell. and Comp. Physiol., Vol. VI, 
: p. 487. 
LYTHGOE and QUILLIAM (1938).—Jl. Physiol., Vol. XCIII, p. 24. 
MEYER and PALMER (1936).—Jl. Biol. Chem., Vol. CXIV, p. 689. 
(1937).—Ibid., Vol. CXVIII, p. 71. 
MEYER, Dusos and SmyTH (1937).—Ibid, Vol. CXVIII, p. 71. 
MonukKova and FRADKIN (1935).—Arch. f. Ophthal., Vol. CXXXIII, p. 328. 
MUxtER (1932).—Ber. Ophthal. Ges., Leipzig, Vol. XLIX, p. 168. 
(1933).— Arch. f. Augenheilk., Vol. CVIII, p. 41. 
(1935-6).—Ibéd., Vol. CIX, pp. 304, 434, 497. 
(1937).—Ibid., Vol. CX, p. 321. 
MULLER and BuscHKE (1934).—Arch. f. Augenheilk., Vol. CVIII, pp. 368, 597. 
ROBERTSON (1938).—Lancet, Vol. I, p. 1435. 
(1939).—Brit. Jl. Ophthal., Vol. XXIII, pp. 106, 170, 243. 
SENDROY (1937).—Jl. Biol. Chem., Vol. CXX, p. 335. 
STARY and WINTERNITZ (1932).—Zettschr. f. Physiol. Chem., Vol. CCXII, p. 215. 
TYLER and Horowitz (1937).—Proc, Nat. Acad. Sct., Vol. XXIII, p. 369. 
VaN SLYKE (1926).—Factors Affecting the Distribation of Electrolytes. Water 
and Gases in the Animal Body. Philadelphia. 
VAN SLYKE (1923).—Jl. Biol. Chem., Vol. LVIII, p. 523. 
WALKER (1933).—Jl. Biol. Chem., Vol. CI, p. 269. 3 


= 


EXPERIMENTS ON THE EFFECT OF ASCORBIC 
ACID IN MUSTARD GAS BURNS OF THE EYE 


BY 
IDA MANN and B. D. PULLINGER 


LONDON 


A STIMULATING article by Livingston and Walker’ appeared 
recently on the effects of mustard gas (@f’ di-chloro-diethyl- 
sulphide) on the eyes of rabbits and the results of certain forms of 
treatment. The authors stated that they had not reached any 
final conclusion as to the value of local applications in treatment, 
but that their results at present pointed to the probability that 
local therapy would have little, if any, effect, and that the only 
procedure likely to prove of value would be the intravenous or 
parenteral injection of some substance which might prevent or 
counteract the peculiar chemical and physical effects of mustard 
gas on the cornea. They made use of ascorbic acid for this pur- 
pose and gave an account of their preliminary experiments, which 
suggested that this substance might be of value. The time at 
their disposal had been too short to arrive at a final conclusion, 
but the importance of the subject justified publication of the 
results so far achieved. The present research has been done in 
response to an invitation from the authors of the paper mentioned 
above to repeat their experiments. 

Two problems among those in need of further enquiry emerge 
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from the paper referred to. Firstly, was the apparent resistance 
of some of the animals due to individual variations or to slight 
differences of dosage dependent on the method of application of 
the gas? Secondly, we question whether the period of observa- 
tion after treatment with ascorbic acid was long enough to judge 
if the cornea derived as much protection as was claimed for the 
lids and conjunctivae. The first point was answered by experi- 
ments on a series of rabbits; in some the dose of mustard gas to 
the eyes was carefully measured and was exactly the same 
(Exp. III), in others an applicator was used and the dose it 
delivered was assumed to be always the same (Exps. I and II), © 
but was not accurately measurable. Some of the rabbits were 
treated with ascorbic acid and others were not. All were kept 
alive and have been examined for from six to twelve weeks up to 
the date of writing in order to obtain an answer to the second 
problem, namely, the degree of protection, if any, of the cornea. 
The eyes were observed with a corneal loupe, a slit-lamp and a 
binocular-dissecting microscope. 


EXPERIMENT I. SEE TABLE I 


Application of a minute unmeasured dose in 
untreated rabbits 


On March 22, 1940, eleven eyes of six young rabbits received 
“doses of mustard gas. The lids were held back by a lid retractor 
for 15 minutes from the time of application of the liquid gas.* 
The liquid was put on with a glass applicator. This was a solid 
rod drawn out to a short fine end on the tip of which a small 
round bead 0°25 mm. in diameter was made. The same tool was 
used on every eye in this group. It was dipped into the liquid 
and immediately placed gently on the cornea. Applications were 
made in the form of multiple spots along the limbs of a sector 
of the eye, thus :— 


Nine of these small doses were put on to each of the eleven 
eyes. The twelfth eye was used to observe the effect of the 


* This does not introduce any extraneous factor as the average normal blinking 
interval in rabbits is more than twenty minutes. 
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applicator alone. The assumption was made and later proved to 
be false, that each spot and each eye received the same dose. 
Fifteen minutes after this treatment the lids were allowed to close. 
This particular time interval was chosen because Livingston and 
Walker had found that no irritant substance remained in the 
conjunctival sac 15 minutes after putting the liquid on the eye. 
By this means it proved possible to keep lids and conjunctivae 
relatively free from swelling and discharge so that detailed obser- 
vation of the cornea could be made. No systemic or local treat- 
ment was given other than removal of discharge once daily with 


TaBLE I. EXPERIMENT ]. MUSTARD GAS ALONE 
Figures refer to the number of eyes affected out of 11 


Days OF DISEASE 


LESIONS 
Twenty- Seventy- 


Three i Six three | seven 


Conjunctivitis with | 
or without muco- 
purulent discharge | 9 


Swelling (hyperae- 
mia and of | 
lids - 
CORNEA: 

Staining - 0 0 
Vascularisation - 0 0 0 (¢) 1 1 | 4 8 8 
3/9 2/9 


One rabbit died of coccidiosis: 9 eyes remain 


Clinical cure - - (O/11 | 0/11 | 0/11 | 2/11 3/11 | 5/11 4/11 


tap water and cotton wool swabs. Staining of the cornea with 
fluorescein to observe the course of epithelial ulceration was the 
only other form of interference. Observations were made every 
few minutes at first, then at about three hourly intervals on the 
day of application. After this the rabbits were examined daily 
for ten days, then on alternate days for two weeks and finally 
about once a week for twelve weeks. Some details of the reaction 
of each eye are set forth in Table I. 

The cornea was especially examined for size and duration of 
staining areas, and for alterations in the substantia propria, 
particularly oedema and vascularisation, which proved to be 
characteristic and peculiar. We intend to describe these signs 
in detail in a later paper. 


0 
0 
2 
8 
7/9 
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In spite of the smallness of the lesions and care in keeping the 
lids open, a slight amount of conjunctival hyperaemia and dis- 
charge occurred in the majority of eyes, but the lids were never 
much swollen and there was no difficulty in detailed examination. 
After 24 hours this conjunctivitis was present in nine out of 
eleven eyes, and decreased after the second day, only three out of 
eleven showing it at the end of a week, and in these it was very 
slight. 

All the corneae stained immediately at the site of application 
over varying areas. We have come to consider that the area of 
initial staining is proportional to the size of the dose and is of 
prognostic value. The staining disappears in all after the fourth 
day, in spite of the fact that the corneal condition continues to 
get worse for long after this. The staining is accompanied by 
varying degrees of oedema of the substantia propria which sub- 
sides slowly for a week and then increases in the majority of eyes 
and may persist over the whole period of observation (more than 
three months). From the fifth day onwards vessels begin to 
invade the oedematous area and increase in number and length 
for several weeks. The final stages of this process have not yet 
been seen in all eyes; clinical cure (subsidence of oedema and 
quiescence of vessels) occurs in about half the eyes at the end 
of a week but does not always appear to be permanent, relapses 
being frequent. 

The severity and persistence of the corneal lesion is surprising 
in view of the minute quantity of mustard gas applied, and the 
apparently quiet condition of the eye as a whole to macroscopic 
examination. 


EXPERIMENT II. SkEE TABLE II 


Application of a minute unmeasured dose of liquid mustard 
gas in rabbits treated with ascorbic acid 


On April 6, 1940, twelve eyes of six young blue- and brown- 
eyed rabbits were treated with mustard gas in exactly the same 
way as in Exp. I and 500 mgs. of ascorbic acid were injected 
20 minutes before treatment and daily for the following five days. 
Six doses were given in all, some intravenously as ascorbic acid, 
and some into the peritoneum immediately after neutralisation 
with sodium hydroxide. Ascorbic acid itself was so badly 
tolerated by the rabbits that its use was given up after the fourth 
dose. On enquiring from Livingston and Walker, it was found 
that the acid had been neutralised before injection in their experi- 
ments. The test was therefore repeated in Exp. III, using a 
stable solution (Celin Forte) provided by Glaxo Laboratories. 
Nevertheless all the six rabbits in Exp. II received the whole dose 
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either as acid or in freshly made neutral solution and we consider 
our results are valid. No further treatment was given. In this 
group the same proportion of eyes (about half) recovered rapidly 
‘(in a week) after only slight damage (Table II) while in others 
the long-continued series of severe pathological changes described 


TABLE II. EXPERIMENT II. MUSTARD GAs AND ASCORBIC ACID 


Figures refer to number of eyes affected out of 12 


Days OF DISEASE 


LESIONS 
Three Eight |Twelve 


Conjunctivitis with 
or without muco- 
purulent discharge 


Swelling (hyperae- 
mia and oedema) of 
lids - 

‘CORNEA: 

_ Staining - 0 0 0 0 
Cloudiness  - 12.22 12 7 6 9 11 
Vascularisation 0 0 0 0 2 3 9 10 


Clinical cure - 0/12 | 0/12 | 0/12 | 0/12 | 6/12 | 7/12 | 5/12 | 6/12 | 1/12 | 3/12 


in Exp. I developed and continued in the same way for three 
months. In both series the eyes which recovered rapidly were 
those suspected of having accidently received a smaller dose. 
Suspicion was based on variation in staining area of the corneal 
epithelium. This suspicion was confirmed in another series of 
eyes by using the same applicator, but a chemical which produced 
an instantaneous white coagulum. The size of the injured area 
could thus be seen immediately and was found to vary consider- 
ably, however carefully the application was made. 


EXPERIMENT III. III 


Application of an accurately measured dose of liquid mustard 
gas in rabbits treated with neutralised ascorbic acid 
Since the foregoing experiments formed a test of the effect of 


ascorbic acid on the application of mustard gas to the cornea 
alone, further experiments were done in order to repeat those of 


Eighty 
0 
0 
8 
10 
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Livingston and Walker as closely as possible. Large rabbits as 
_ nearly as possible comparable to theirs were obtained from the 

same source. The same sample of mustard gas supplied to 
Livingston and Walker was used throughout all our work. The 
ascorbic acid was obtained ready neutralised in sealed ampoules 
from Glaxo Laboratories. The same dose and number of doses 
was given intravenously. The applicator, a Pasteur pipette 
drawn out to a fine point, was supplied by one of the Glaxo 
Laboratory Staff who also described their technique in detail and 
examined the rabbits beforehand and also on the sixth day of the 
experiment. 

Particular care was taken to deliver exactly the same dose to 
each eye. The liquid mustard gas was put into a small specially 
made stoppered glass container. Two horizontal scratches were 
made on the outside of the glass mustard gas container to 
correspond with a particular column of water in the Pasteur 
pipette. In drawing up the liquid mustard gas the tip of the 
pipette was drained against the inside of the container opposite 
the scratches in order to adjust the column in the pipette to the 
length between the scratches. Binocular loupe spectacles were 
used to attain accuracy. Except in the case of one eye, in which 
a small part of the column was seen within the pipette after 
delivery, all eyes received an identical dose. The weight of the 
same length column of distilled water at 21° C. was 0:0005 gm. 
on a balance weighing to the fourth decimal point. This dose, 
(approx. 0:0005 c.c.) was much less than the maximum (0075 c.c.) 
given by Livingston and Walker. Our dose was chosen and 
considered sufficient on the basis of reports by Warthin, Weller 
and Hermann.’ These authors delivered 0:0004 c.c. and caused 
lesions (of which they made sections) severe enough for the pur- 
pose of testing any therapeutic agent. In our experiment the 
rabbit was held on its side and the eyelids held open for about 
two minutes and then allowed free. The rabbits did not always 
blink immediately. The eyes were examined and cleaned up 
daily with boiled tap water and cotton wool swabs. No other 
treatment was given. The amount of reaction produced was 
intense. Detailed examination of the cornea in the early stages 
was impossible owing to swelling of lids and conjunctivae. 
Swelling, hyperamia and oedema of lids and conjunctivae, and 
mucopurulent discharge were very great. See Table III. On 
the seventh day the condition was as follows: lids and conjunc- 
tivae of eight eyes were swollen, hyperaemic and oedematous; 
lids of seven were closed and stuck together by mucopurulent 
discharge; one eye, which received the incomplete dose recorded 
above was half open, but discharge was present; the substantia 
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propria was affected in eight. (cf. Table III, Livingston and 
Walker).* By the twenty-first day all corneae had vascularised. 
The animals remained in excellent general condition throughout. 


TABLE III]. EXPERIMENT III. MusTARD GAS AND ASCORBIC ACID 
Figures refer to number of eyes affected out of 8 


Days oF DISEASE 


LESIONS 
Four Six 


Conjunctivitis with 
mucopurulent dis- 
charge - - - 


Swelling (hyperae- 
mia and oedema) of 
lids - - - 
CORNEA: 

Staining* - - 
Cloudiness - - 8 8 8 
Vascularisation -j| 0 0 0 0 0 0 5 


Clinical cure - - | 0/8 | 0/8 | 0/8 /8 | 0/8 | 0/8 | O/8 | 0/8 


* — = Lids too much swollen for complete observation. 


This evidence shows that neither a small dose of liquid mustard 
gas on the cornea alone nor a large one spread over cornea, lids 
and conjunctivae, is prevented, by 500 mgs. daily of ascorbic 
acid, from causing typical lesions at the sites the liquid reaches. 
The progress of the lesions is not affected in any way which we 
could detect, nor does the severity of the lesion vary from rabbit 
to rabbit. The apparent variability of Livingston and Walker’s 
results, attributed by them to natural resistance in some animals, 
is probably due to difference in dosage. Our own experiments 
showed that the same applicator did not always transfer the same 
dose. A definite measured volume must be expelled from the 
same pipette each time to get comparable lesions. 


Conclusions 

1. Intravenous injections of ascorbic acid do not prevent nor 
influence the progress of mustard gas lesions of lids, conjunctivae 
or cornea. 


*On the sixth day the animals were examined by a member of the Glaxo 
Laboratories Staff who had seen Livingston and Walker's experiments. He did not 
consider that the treatment with ascorbic acid had modified the lesion. 


po 8 eae 8 8 8 8 7 
| 4 
8 
8 
| | 
0/8 
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2. The degree of damage is related to the dose and is not 
influenced by resistance of individual animals to the chemical. 
Identical doses produce almost identical lesions. 


We have much pleasure in expressing thanks to the Council 
of the Imperial Cancer Research Fund for its generous help in 
providing laboratory and equipment for this work; to Messrs. 
Glaxo for supplies of ascorbic acid and of animals; to Mr. H. G. 
Crabtree for instruction on the chemical and physical properties 
of mustard gas; to Group Captain P. C. Livingston and Flight 
Lieutenant H. M. Walker for their invitation to continue the 
work and their whole-hearted co-operation. 
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BOECK’S SARCOIDOSIS OF THE 
LACRYMAL GLAND 


BY 
H. B. STALLARD 


R.A.M.C, 


THE terms lupus. pernio, Besnier-Boeck’s disease, Boeck’s 
sarcoidosis, and Shaumann’s benign lymphogranuloma are 
synonyms for a disorder of parts of the reticulo-endothelial system 
characterised by nodular lesions composed of a central mass of 
endothelial cells surrounded by a fringe of lymphocytes and, very 
rarely, a giant cell of the Langhans type. Caseation is never 
seen in these lesions, tubercle bacilli are not evident in specially 
stained sections, and inoculation of material from these nodules 
into a guinea-pig gives a negative result. 

Some authors have suggested that this disease and uveoparotitis 
are a tuberculous or so-called para-tuberculous manifestation, but 
there seems to be no definite clinical or experimental evidence to 
support this conception. Syphilis has also been blamed, but with- 
out good reason. However, the cause of this disease remains so 
far unknown. On histological grounds it appears to belong to a 
group of disorders of the reticulo-endothelial system in which may 
be included uveoparotitis (Heerfordt), lymphadenoma (Hodgkin), 
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and certain other allied conditions. Uveoparotitis and Boeck’s 
sarcoidosis run a chronic benign course, but terminate, except for 
the ocular sequelae in some cases, in complete recovery after a 
number of years, whereas lymphadenoma is malignant and fatal. 

The lesions of Boeck’s sarcoidosis are found in the lymph nodes, 
spleen, skin, lungs, parotid and lacrymal glands, bones of the 
fingers, the conjunctiva, cornea, the uveal tract, and more: rarely 
in the optic nerve, chiasma, breasts, testicles, upper air passages, 
and hypophysis. All these tissues may not be affected during the 
course of the disease, which manifests itself in some only. 
Healing may occur in. one group of structures and on. remission 
the disease appears in another. Lymphadenopathy is evident in 
all cases at some stage and may be generalised or affect only one 
group of lymph nodes, which become enlarged, discrete, mobile, 
painless, and insensitive. Splenomegaly is also apparent in a 
number of cases. The skin lesions are bizarre. For descriptive 
purposes they may be grouped as follows :— 

(1) Miliary lupoid.—(a) Small reddish-brown hemispherical 
papules and nodules, the size of a corn seed, soft, and with a 
smooth surface, which shows light desquamation and hyper- 
keratosis in some cases. These may become flattened, spread. out, 
depressed in the centre, and ultimately cicatrized atrophic plaques. 
(b) The nodular variety is rarer, and the lesions are larger than 
those just described, some being 5 cm. in diameter during the 
stage of eruption. They effect first the cheeks and are also found 
on the nose, shoulders, extensor aspects of the upper extremities, 
and the knees. They are smooth, slightly elevated, and bluish- 
red. The florid stage may last twenty years and the lesions become 
violaceous and have a telangiectatic surface. During involution 
the centres become flattened and depressed, the margins 
telangiectatic and pigmented, and the spots annular. 

(2) Lupus pernio.—The skin of the cheeks, nose and sometimes 
the lobes of the ears and the skin of the fingers over an associated 
osseous lesion is diffusely infiltrated, with a sharp border and a 
burnished surface. 

(3) Angio-lupoid.—Soft infiltrated violet-red plaques showing 
many telangiectases are found on the side of the root of the nose 
in middle-aged females. 

(4) Erythrodermic sarcoidique.—Large superficial serpiginous 
red areas affect the front of the legs and thighs. 

The-lung fields on X-ray examination show diffuse mottling 
resembling miliary tuberculosis but coarser and less regularly 
disposed. The mediastinal and hilar lymph-nodes are enlarged, 
and in some cases there are basal crepitations and cough. There 
may be enlargement of the lacrymal and parotid glands, the latter 
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being associated with facial palsy. The phalanges of the hands 
and feet show in some instances painful fusiform swellings, which 
radiographically appear as a lace-like network with small areas of 
rarefaction surrounded by a zone of increased density. These 
osseous lesions may lead to mutilation or heal with some deformity 
of the nail when the terminal phalanx is affected. The ocular 
manifestations associated with Boeck’s sarcoidosis are not 
common. Blegvad (1931) states that iridocyclitis occurs in 10 per 
cent. of the cases, but it seems that the incidence may be less than 
this, between 5 and 10 per cent. Blegvad (1931), Schoeppe (1920), 
Seefelder (1932), and Coppez and Dujardin (1938) have noted 
multiple translucent yellowish projecting follicles in the palpebral 
conjunctiva and upper fornix, some of which formed a con- 
glomerated mass resembling a fungating Meibomian granuloma. 
Stumpke (1913) has seen keratitis, consisting of small superficial 
corneal opacities, associated with the cutaneous lesions of Boeck’s 
sarcoidosis, and this complication also occurred in Stallard and 
Tait’s case. Iritis, iridocyclitis, and uveitis have been noted by 
a number of authors, and Bering (1910) and Coppez and Dujardin 
(1938) and Osterberg (1939) have reported greyish nodules in the 
iris. These bear some resemblance to tuberculous iritis, they are 
more frequently disposed at or near the periphery of the iris and 
more rarely near the pupil margin. They may disappear and 
reappear with remissions of the disease. The iritis is relatively 
painless. Some of the cases of iridocyclitis recover and have a 
reasonable degree of vision, but others end in atrophy of the 
globe; this disastrous sequel has been recorded by Habermann 
(1927), Schoeppe (1920), Mylius (1928), Fraenkel (1922) and 
Stallard and Tait (1939). 

Reis and Rothfeld (1931) have described the case of a girl, aged 
17 years, who suffered from Boeck’s sarcoidosis and had bilateral 
papilloedema and subsequent optic atrophy. Necropsy revealed 
well defined follicular infiltration of the left optic nerve, left papilla 
and chiasma with endothelial cells which extended to the cerebral 
peduncle and left temporal lobe. There were no areas of caseation, 
no necrosis, and no giant cells. Meningeal symptoms and signs 
and right hemicrania were present in a patient whose case is 
reported by Coppez and Dujardin (1938). These authors com- 
ment also on the slow course of Boeck’s sarcoidosis and the 
exacerbation of symptoms at the menses. Anaemia is mild or 
absent, a moderate mononucleosis and eosinophilia and an 
increase of plasma globulin being present in some cases. ; 

Stallard and Tait described the case of a woman aged 44 years, 
who at the age of 38 years had a painless lump in her right breast, 
lymphadenopathy of the axillary lymph nodes on the same side 
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and in the left anterior and posterior triangles of the neck. One 
year later she developed bilateral iridocyclitis and keratitis, com- 
plicated cataract and lowered intra-ocular pressure which 
terminated in phthisis bulbi of the left eye. Excess of fluid became 
evident in both knee joints and one year later left parotitis and 
' left facial paresis occurred. Radiographs of the chest suggested 
healed sarcoidosis lesions in the right lung. Four years after the 
onset of this illness she developed the classical features of 
myxoedema. The breast and:cervical lymph nodes lesions showed 
the histological picture of Boeck’s sarcoidosis. 


Case Report 


D. W., a married woman, aged 45 years, was admitted to the 
eye ward at St. Bartholomew’s Hospital, on July 18, 1939. For 
six months she had noticed a swelling in the upper and outer 
angle of the right orbit. This was increasing in size. The right 
eye was displaced downwards, forwards and inwards. The 
swelling about the size of a damson occupied the position of the 
lacrymal gland: was slightly nodular: of firm elastic consistence 
and the skin was mobile over it. It was attached to the orbital 
tissues but not to the bone forming the roof of the orbit. 

General examination.—The patient was obese, no enlargement 
of the lymph nodes nor of the liver and spleen could be detected 
on palpation. Over the right axillary fold there was a pigmented 
papilloma } inch in diameter and there were some bluish patches 
of discoloration in the skin of the forearms,.but there were no 
cutaneous lesions characteristic of Boeck’s sarcoidosis. 

Past history.—In August, 1932, the patient suffered from lassi- 
tude, night sweating and swellings behind the right ear and on 
both sides of the neck. During the previous six months these 
symptoms became worse and her weight fell from 14 stone 6 Ibs. 
to 13 stone 3 Ibs. She was admitted to St. Bartholomew’s 
Hospital on February 8, 1933. 

General examination.—She was stout and pale. Enlarged dis- 
crete, firm, lymph nodes not adherent to the skin were found 
behind the right auricle, in the anterior and posterior triangles on 
both sides of the neck and in the axillae. The spleen was enlarged 
and extended to within two fingers’ breadth of the umbilicus and 
the liver was palpable one finger’s breadth below the costal 
margin. 

Radiographs of the chest showed enlarged shadows in the hilus 
on both sides and posterior mediastinal opacities. 

The blood count was, red blood count, 5,400,000. Hb. 58 per 
cent., white blood count 5,600 (polymorphonuclear leucocytes 
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39°5 per cent., lymphocytes 59 per cent., eosinophils 1 per cent.,: 
and large mononuclear leucocytes 0°5 per cent.). 

Biopsy of a lymph node showed ‘‘ evidence of chronic inflam- 
mation but not lymphadenoma.”’ 

X-ray treatment to the thorax and upper abdomen caused the ~ 
patient to feel ill and during its course bronchitis occurred. 

On April 1, 1933, she was discharged from the hospital. The 
cervical lymph nodes were considerably reduced in size and the 
spleen was also smaller. 

On September 9, 1933, she was re-admitted to St. Bartholo- 
mew’s Hospital. Enlarged lymph nodes were evident at the 
following sites: right and left pre-auricular, occipital, below left 
ear and behind angle of jaw, right anterior triangle of neck, right 
and left supraclavicular and right and left inguinal. The spleen 
was palpable one finger’ s breadth below the costal margin. Deaf- 
ness and tinnitus in the right ear were due to Eustachian 
obstruction. 

The blood count was: r.b.c., 4,730,000; Hb: 86 per cent.: C.1, 
0°91 per cent.: w.b.c., 6,300 (polymorphonuclear leucocytes 69°5 
per cent., large lymphocytes 1°5 per cent., small lymphocytes 21 
per cent., large mononuclear leucocytes 3° divs cent., and 
eosinophils 2 per cent.). 

A further course of X-ray treatment was given and the patient 
discharged from hospital. She remained well until the lacrymal 
gland swelling appeared in February, 1939. 

Operation.—July 23, 1939. A curved incision was made corre- 
sponding with and 0°5 cm. below the temporal half of the right 
supra-orbital margin and continued downwards and outwards to 
the upper edge of the lateral palpebral ligament. The lower edge 
of the incision was undermined and the flap thus formed was 
retracted downwards and nasalwards. The orbicularis fibres were 
split and retracted so as to expose the swelling occupying the 
lacrymal gland. The swelling was about the shape and size of 
a damson plum (2°5 x 1:75 cm.), apparently encapsuled and of 
firm elastic consistence. It was removed without difficulty or 
complication and the residual space was drained with a fine piece 
of split rubber for 48 hours. The edges of the orbicularis muscle 
were united with two catgut sutures and the skin closed with 
interrupted silk sutures. 

Post-operative healing was uneventful. 

Pathological report.—The neoplasm is composed of masses of 
endothelioid cells irregularly arranged. Between some of the 
cells there are collagen material and extravasated red blood 
corpuscles. The endothelioid cells show variations in shape and 
size, and mitotic figures are evident in some of them. Around these 
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Microphotograph. High power, X500. Section of sarcoid tissue in 
lacrymal gland. Endothelioid cells, lyphocytes and intercellular 
collagen are to be seen. 


cellular masses and at the periphery of the gland are aggregations 
of lymphocytes. Islands of compressed acini are scattered 
throughout the neoplasm and the blood vessels show hyaline 
degeneration in the tunica media and endothelial proliferation in 
the intima. Some normal lacrymal gland tissue is also present. 
There were no areas of caseation and no tubercle bacilli. 


Commentary 


From the clinical features in 1932 and 1938 and the histological 
appearance of the excised lymph node it was evident that this 
patient was suffering from a disorder of the reticulo-endothelial 
system. Neither the microscopic examination at this time nor 
the subsequent clinical history suggested lymphadenoma. 

Her symptoms and signs subsided after about 18 months and 
she remained well until the recurrence in the right lacrymal gland 
in 1939. The histological features of the excised lacrymal gland 
swelling resembled those seen in Boeck’s sarcoidosis. In this 
disorder all the tissues of the reticulo-endothelial system are not 
necessarily involved and although lymphadenopathy is evident 
in all cases at some stage in the disease, one group of nodes may 
be affected at one time and another later. In this case 
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lymphadenopathy, splenomegaly, mediastinal changes and later 
involvement of the right lacrymal gland were the chief clinical 


features. 
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A CASE OF CHRONIC GRANULOMA OF THE 
LACRYMAL SAC 


BY 
H. B. STALLARD 
_ R.AM.C, 


THE following case of a swelling in the lacrymal sac is of some 
interest from the point of view of differential diagnosis. It also 
illustrates the necessity for a thorough’ examination in such cases. 
In this instance radiography played a very important part in 
determining the cause of the swelling which was eventually 
confirmed by the microscope. 

R. H., aged 68 years, was referred to the Radium Institute in 
March, 1939, on account of a swelling of the right inner canthus 
which was believed by his ophthalmic surgeon to be a malignant 
neoplasm and for which he considered radiotherapy was necessary. 
Mr. Roy Ward invited me to see this patient. 

For 33 years the patient had suffered from right dacryocystitis 
and for 3 years there had been a swelling at the right inner canthus 
which was increasing in size. 

The inner canthus was enlarged and drawn downwards and 
nasalwards. A firm elastic swelling 2°5 cm. long by 1°5 cm. wide, 
occupied the site of the lacrymal sac and the caruncle and it was 
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attached to the lacrymal and ethmoidal bones. There was a 
muco-purulent discharge from both puncta and from the surface 
of the pinkish, nodular, fungating swelling which replaced the 
caruncle. 

On syringing the lacrymal passages the saline returned 
immediately along the canaliculus through which irrigation was 
attempted. It was evident that the lacrymal sac was occluded. 
Nasal inspection and general medical examination revealed no 
abnormality. The Wassermann and Sigma reactions were 
negative. 

Radiography showed the presence of a metal style in the right 
naso-lacrymal duct and some thickening of the mucosa of the 
right maxillary antrum. The patient was unaware that a style 
had been left in the naso-lacrymal duct during treatment for 
epiphora 33 years ago.. 

Operation.—Through a curved incision over the lacrymal fossa 
the swelling was dissected out. It was attached by dense 
adhesions to the lacrymal. bone and frontal process of the maxilla 


Photograph of chronic granuloma tranversed by blackened 
silver style. 

a. Suture identifying upper pole. 

b. Style. 
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and.also to the conjunctiva at the inner canthus. After removal 
of the swelling the canaliculi were curetted, the conjunctiva and 
skin of the inner canthus were reconstructed by a_ plastic 
procedure. Post-operative healing was uneventful. 

Pathological report.—The figure is a photograph of the macro- 
scopic appearance of the excised mass with the blackened silver 
style running through it. Transverse and vertical sections showed 
squamous epithelium overlying fibrotic granulation tissue 
infiltrated by plasma cells, lymphocytes and eosinophils. In some 
areas there were deposits of metallic pigment. There was no 
evidence of malignancy. 


Comment 


This case is an example of chronic inflammation set up by the 
retention of a metallic foreign body. The author recollects a 
specimen sent to the Pathological Laboratory at The Royal 
London Ophthalmic (Moorfields Eye) Hospital of an ‘‘* orbital 
neoplasm ’’ removed by exenteration of a socket, the eye had 
been excised some years before at a provincial hospital and the 
pathological report could not be traced. The surgeon who 
exenterated the socket was of opinion that the hard swelling in 
the orbit and the brownish-black conjunctival discharge suggested 
a malignant melanoma, possibly a recurrence from such a growth 
in the uveal tract for which the eye might have been removed. 
The specimen contained a blackened silver filigree ball inserted 
into Tenon’s capsule after excision of the eye. The interstices 
and centre of the filigree were filled with dense fibrous and 
granulation tissue. The presence of this foreign body explained 
the inflammation and brownish-black discharge. 


Summary 
The case reported is a chronic granuloma of the right lacrymal 
sac due to the accidental retention of a silver style for 33 years. 


ANNOTATION 


Incidence and Distribution of Trachoma in 
the United States 


The sight-saving review of March, 1940, contains an interesting 
paper dealing with trachoma in the United States by Dr. Harry S. 
Gradle. He finds that trachoma is distributed roughly as follows: (a) 
among the American born Caucasians in endemic form; (6) among 
foreign immigrants; (c) among Asiatics and Mexicans who have 
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entered the U.S.A. illegally; (d) in sporadic form among its city 
dwellers without known source of contact; (e) among the American 
Indians. Trachoma is not uniformly reportable in the various states 
and there are no adequate statistics as to the total number of people in- 
fected. A map is reproduced showing the geographical distribution 
of trachoma cases reported in 1937, as well as a table which gives the 
numbers of new cases of trachoma reported in the same year. Here 
Illinois heads the list with 502, Missouri, 476; Ohio, 435; 
California, 243; Tennessee, 118; Oklahama, 106. The lower 
numbers in this series contain Connecticut, Oregon and Michigan, 
4 each; Virginia, 3; South Dakota, Maryland and Georgia, 2 each; 
Kansas, Florida and ‘Colorado, 1 each; while Montana, Idaho and 
Washington reported no new cases at all. 

Gradle gives a rough estimate of the trachoma cases in the 
United States as follows: Stage I, 4,322 cases; Stage II, 7,538 
cases ; Stage III, 9,012 cases; Stage IV, 12,630 cases, making a total 
of 33,502 cases. 

Trachoma among the American Indians is considered separately. 
The total Indian census among the reservations is 342,500. The 
incidence of trachoma varies with each individual reservation from 
nothing among the Seminoles to 35 per cent. among the Navajos. 
Gradle gives a rough estimate of 25,000 cases of trachoma among 
the Indians. 


ABSTRACTS 


MISCELLANEOUS 


(1) Hess, W. R. (Zurich).—The pupil and the ‘“‘ between” brain. 
(Pupille und Zwischenhirn). Klin. Monatsbl. f. Augenheilk., 
Vol. CIII, p. 407, 1939. 

(1) The function of the “between” brain can be studied by 
fine electrical stimulation and by the coagulation of small areas by 
diathermy. It can be shown to have a definite influence on the 
size of the pupil. Stimulation, even if unilateral, always produces 
a bilateral change in the pupils, and this is linked with other 
symptoms such as alteration in the size of the palpebral fissure. 
Mydriasis occurs on stimulation of the posterior part of the 
hypothalamus and miosis from stimulation of the anterior. These 
centres are not specific for the production of pupil changes 
alone but are closely linked with sympathetic and tonic nervous 
mechanisms. 

D. R. CAMPBELL. 
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(2) Pascheff, C. (Sofia).—Recent investigations on conjunctivitis 
plasmomatosa. (Neue Forschungen uber Plasmoma conjunc- 
tivae). Klin. Monatsbl. f. Augenheilk., Vol. CIII, p. 54, 1939. 

(2) In a.study of plasmoid overgrowths of the conjunctiva 
Pascheff concludes that plasmoma and folliculoma are mutually 
exclusive forms of growth though both may be accompanied by 
pannus or by leucocytosis. The plasmoma appears to be related in 
its cell structure to the adventitia of the vessels, and folliculoma to 
the endothelium. Trachoma, fibro-papillary and hyaline hyper- 
plasias are all lymphomatous types of hyperplasia and differ from 
plasmoma. 
D. R. CAMPBELL. 


(3) Weve, H. J. (Utrecht).—The origin and treatment of detach- 
ment of the retina. (Zur Enstehung und Behandlung der 
Netzhautablosung). Klin. Monatsbl. f. Augenheilk., Vol. Cll, 
p. 609, 1939. 

(3) Weve describes the localisation and treatment of retinal 
tears. A detachment is often placed symmetrically around the site 
of a tear. An investigation of the subretinal fluid showed that its 
specific gravity increased with the duration of the condition, both 
in “balloon” and flat detachments. In the former a variation of 
1-0066-1-0266 was observed. Certain enzymes were present; 
amylase occurred in 12 out of 55 cases, but was always absent 
when the s.g. was lower than 1,012. There was some evidence 
that it was derived from the retina, and that it was in association 
with peroxidase. No trace was found of glutathione, ascorbic acid 
or lactoflavine. Certain proteinases were present in the vitreous 
also, which converted protein into peptones and polypeptides, but 
not into amino-acids. The pH of the subretinal fluid varied from 
8-3 (in. cysts of the ora serrata), to 7-3 in recent detachments, 
and down to 6:9. Trimethylamine and butylamine were present, 
but not allylamine. 

The author states that tears at the ora and fovea have a good 
operative prognosis, but only 50 per cent. of tears occurring in 
aphakic eyes can be cured. The localisation of holes by means of 
intensive lighting through the fully dilated pupil is most important. 


D. R. CAMPBELL. 


(4) Dean, Abbott M., Dean, F. W. and McCutchan, Guy R. 
(Council Bluffs, Iowa).—Interstitial Keratitis caused by 
specific sensitivity to ingested foods. Arch. of Ophthal., 
January, 1940. 

(4) Although various causes are known for interstitial keratitis, 
there still occur a number of cases in which the reason for its 
occurrence is obscure. It is with the possibility that some of this 
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latter group are due to food allergy that Dean and McCutchan 
deal in their paper. Since 1930 they have seen six persons with 
interstitial keratitis who have been relieved by removing certain 
articles from their diet and have suffered relapses when consump- 
tion of the offending foods has been resumed. The manifestations 
begin with slight irritation of the eye, lacrymation and redness. 
The cornea becomes infiltrated with faint irregular interstitial 
opacities, often limited at first to one quadrant and becoming 
denser. Deep vessels develop soon and conjunctival loops extend 
into the subepithelial layers of the cornea. The development of 
scar tissue follows and the entire cornea may be involved except 
for a fairly clear margin near the limbus. Dense calcareous looking 
opacities appear late, no intra-ocular complications have been seen. 
The disease is accompanied by pain which may be very severe. 
On removal of the offending food or foods from the diet, the ciliary 
injection and pain disappear in 48 hours, and opacities not due to 
scar tissue gradually lessen. All symptoms reappear 24 hours after 
ingestion of the food to which the patient is sensitive. The six 
cases described in the text, illustrate these observations in a striking 
manner. The first was a woman, aged 49 years, in whom the 
disease had become progressively worse over a period of eleven 
years, vision being reduced to detection of shadows. In the absence 
of equipment for adequate cutaneous tests, the patient was admitted 
to hospital and her diet reduced to zero. After two days of fasting, 
improvement became manifest, and then simple articles of food were 
added day by day until a maintenance diet was established which 
produced no ocular symptoms. If pork were taken, however, they 
returned, and the same was true of milk from a cow which had 
been fed on cottonseed meal. In the remaining five cases, the 
following articles of food were proved to be responsible :—in the 
second case, wheat, strawberries and cucumber; in the third, 
cheese; in the fourth, pork and egg white; in the fifth, chocolate ; 
in the sixth, rye bread. In this last case the interesting observation 
was made that an intradermal test with rye produced a violent 
reaction not only locally but also focally, both eyes becoming red. 


F. A. W-N. 


(5) Knapp, H.C. (East Saint Louis, Illinois).—Dystrophia adiposa 
corneae. Amer. Jl. Ophthal., Vol. XXII, p. 1239, 1939. 

(5) Knapp states that hitherto only nine cases of this disorder 
have been reported in the literature. His patient was a coloured 
female, aged 28 years. Since the age of 14 she had developed an 
increasing number of small and large fatty tumours of the skin 
irregularly distributed over the trunk, extremities, head and neck. 

In the right cornea there was a dense white area about 4 mm. in 
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diameter and a larger area in the lower third of the left cornea but 
similar in appearance. There was superficial and deep vasculariza- 
tion. Slit-lamp examination showed that the margins of these 
opaque areas were well defined and their structure was homo- 
geneous. There were recurrent attacks of moderate conjunctival 
and ciliary injection. These changes in the cornea progressed over 
six years and reduced visual acuity to 1/60 and 3/60. The blood 
cholesterol estimations were normal. In this case there has been 
no opportunity to confirm by histological examination the fatty 
nature of the corneal lesion. 


H. B. STALLARD. 


(6) Nicholls, L. and Nimalasuriya, A. (Colombo).—Bitot’s spots 
in Ceylon. Lancet, Vol. CCXXXVI, p. 1432, 1939. 

(6) Nicholls and Nimalasuriya review the description given by 
Bitot in 1863 of numerous small white specks or slender short lines 
of a non-inflammatory origin usually triangular but sometimes 
round or oval aggregating into a pearly or silvery spot, placed 
temporally to the cornea and only as small dots on its medial side. 
On the temporal side the affected area is roughly triangular in shape 
with its apex pointing temporalwards and its curved base with the 
concavity towards the cornea. In some cases the surface of the 
spots is rugose and in others it is arranged in a series of wavy 
parallel lines. 

The authors have examined several hundred malnourished 
children in Ceylon. They have never seen Bitot’s spots extending 
on to the cornea as some observers describe in the literature. They 
comment on the slight thickening and pigmentation of the bulbar 
conjunctiva on the temporal side which increased in some of their 
cases. The epithelium was thickened by heaped-up epithelial cells. 
which stood out white against the pigmentation; one or two blood 
vessels running towards the cornea were prominent, and capillaries 
could be seen dipping into the thickened epithelium. These changes 
in the conjunctiva extended to within 1 or 2 mm. of the corneo- 
scleral junction. In less than 2 per cent. of cases the nasal side of 
the bulbar conjunctiva was thus affected. 

The authors of this paper did not find night blindness present in 
the majority of the cases. 

They comment that Bitot’s spots tend to be very chronic and it 
is necessary to give large doses of fish-liver oils or concentrated 
preparations of vitamin A to clear them. 

They found among other signs of vitamin A deficiency in school 
children surveyed in Southern and Northern Ceylon, phrynoderma, 
a papular dry skin eruption, angular stomatitis and superficial 
erosion of the tongue and have attempted to correlate the incidence 
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of these in association with Bitot’s spots. The percentage incidence 


of these disorders is set out in a table. 
H. B. STALLARD. 


(7) Traquair, H. M. (Edinburgh).—Perimetry and the visual 
pathway. Glasgow Med. Ji., April, 1940. 

(7) Traquair’s Mackenzie Memorial Lecture delivered on 
October 28, 1939, is here reprinted. It is an admirable survey of a 
subject that the lecturer has made his own and well repays perusal. 
Traquair’s work on perimetry is so well known to all our readers 
that no set abstract is necessary in this place. The paper is 
illustrated by a frontispiece of Mackenzie, reproduced from an 
article in the Annales d’oculistique of the year 1868, which will we 
think be new to most ophthalmic surgeons of the present day. 
There are also four diagrams showing the field in horizontal section, 
contraction of the field to show the effect of peripheral contraction, 
a diagrammatic representation of the visual pathway and two charts 


from cases of tobacco amblyopia. 
R. Ru J. 


(8) Corrado (Genoa).—The variation of the arterial pressure 
both general and retinal under acetylcholine and ultra-violet 
rays. (Variazioni della pressione arteriosa retinica ed omer- 
ale, etc.). Amn. di Ottal., January, 1940. 

(8) The examination of the arterial pressure in the retina is a 
very important practice in ophthalmology. Increase of this pressure 
has been shown to be not infrequently the first sign of a general 
arteriosclerosis. It is well known that there is no constant relation 
between the size of the artery and its pressure. Though the 
importance of recognising early changes in arterial pressure is 
known, the best method of treatment is in doubt. Hence Corrado 
has investigated the action of the two agents on normal and arterio- 
sclerotic people. He decides, as a result of many observations that 
the short ultra-violet rays are more potent in reducing the pressure 
while acetylcholine acts more strongly in increasing the calibre of 
the vessels. The reduction of the arterial pressure of the retina is 
more marked than that of the general after the use of ultra-violet 
rays; after acetylcholine the general pressure is more affected ; this is 
associated with a more constant vaso-dilatation. It seems probable, 
says the author, that the ultra short rays act on some pressure- 
regulating mechanism in the brain. Therefore when it is desired 
to obtain only a local effect on the vessels of the head, the use of ultra 
short rays is the method of election; acetylcholine, acting on the 
general pressure, may be followed by some unwelcome result. The 
two agents may be usefully combined, however, in many cases. 


HAROLD GRIMSDALE. 
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(9) Santoni (Naples).—The aetiology of trachoma. (Ricerche 
sulla eziologia del tracoma). Amn. di Ottal., January, 1940. 

(9) The question of the aetiology of trachoma is still to solve ; 
of recent times the opinion has been becoming more general that 
the disease is due to a filter-passing virus. There can be no doubt 
that the disease is contagious, though this is still denied by a few 
surgeons; the result of a considerable number of experiments on 
man, prove the contagious nature. These have shown that the 
virus is not always equally active and also that subjects are not 
equally susceptible. The question is still further complicated by 
the fact that man alone suffers from true trachoma; it cannot be 
established that the conjunctivitis which in monkeys, follows 
inoculation, is the same disease. 

Recent research on the life history of viruses has shown that 
they may be cultivated on tissue cells kept alive, outside the body. 
Santoni has tried to cultivate the infecting agent of trachoma in 
this way; there are several ways of cultivating virus. The author 
has selected the plan of growth on tissue taken from the living 
body. He has chosen epithelial cells from the superficial layers of 
the cornea; the cells grow aseptically. Some part of these cells 
is dipped in material taken from active trachomatous cases. No 
Prowazek’s corpuscles were to be found in any of these. The 
results of the experiments were negative. 

The author draws certain conclusions from the facts before him; 
that to whatever category we ascribe the agent of trachoma 
whether to virus or rickettsia, both have been found cultivable 
outside the organism. It has been found possible to identify the 
carriers of virus—if not the virus itself—in formations described as 
elementary bodies; it has been shown that these bodies make their 
way into the cells and by their growth, destroy them. It is further 
evidence that the size of these bodies coincides with the size 
demonstrated by filtration. 

The infecting agent of trachoma differs from all other virus, in 
that its toxicity decreases under cultivation while all others increase 
in this power. Even small changes of temperature or slight drying, 
can destroy the trachoma virus. These experiments such as the 
author has conducted, are not easy to carry out; many of them fail 
from infection by bacteria, but a fair number remained sterile. In 
none, however, did he succeed in obtaining evidence of multipli- 
cation of the trachoma virus. It will be remembered that Cuénod 
and Nataf have claimed that the virus will grow in lice and that 
these are probably the carriers of the disease; it seems certain 
that many sufferers from trachoma are not lice-infected and also 
that there is no serological reaction in the blood of the trachomatous 
similar to that found in the sufferers from diseases which are known 
to be due to rickettsia. The author thinks that further study of 
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virus may lead to the discovery of the agent of trachoma, which | 
because of being solely a disease of man, may have special 
peculiarities of ‘growth. 


HAROLD GRIMSDALE. 


(10) Taliercio (Naples):—Galactose cataract. (Sulla cataratta da 
galattosio). Ann. di Ottal., January, 1940. 

(10) It was noticed accidentally by Mitchell, Swift and Wagnard 
‘in 1935 that rats fed on excess of galactose became the subject of 
cataract. They found that these rats showed disturbance of meta- 
bolism ; the amount of calcium in the cataractous eye was double 
normal, but the total amount in the body was not altered. Bellows 
noted that the appearance of the cataract was delayed by large 
doses of vitamin C, and still more by dosing with yeast. After a 
few days of feeding with galactose, he found the lens to contain 
less glutathione and cistein than normal. Mitchell using different 
sugars for food, found that after feeding with galactose some part 
of this sugar was not fermentable but remained in the blood. He 
thinks that this is the main factor in the production of this form of 
cataract. 

Taliercio has examined the eyes of a number of albino rats which 
were fed on galactose in varying quantity, and of controls. In all 
those receiving large amounts of this sugar in their diet, he noted 
the appearance of: opacities in the lenses in about seven days. 
These soon became completely opaque in most cases. He found 
an increase of calcium content in the cataractous lens. He found 
also, increase of pH in the cataractous lens. The COz of these 
_ lenses was unaltered. The glycolytic power seemed considerably 
increased in the completely cataractous lens while in the incipient 
cataract it was reduced. This finding seemed to the author to be 
improbable ; therefore he repeated the experiment using bicarbonates 
but no glucose. He found the COz produced to be almost equal in 
amount to that produced when glucose was present. From this he 
concludes that the increase in glycolysis was apparent only, and 
that it was probably diminished in the mature cataract. 


HAROLD GRIMSDALE. 


(11) Missiroli (Rome).—Transitory myopia following dosing with 
sulphamides. (Miopia transitoria in seguito ad ingestione 
di sulfamidici e sua interpretazione patogenetica). Boll. 
@’Ocul., January, 1940. 

(11) Missiroli has observed several cases in which the use of 
sulphamides was followed by myopia; other cases have been recorded 
and have been followed by other surgeons who have observed the 
disappearance of the myopia in a short time. The author in one 
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‘case attempted to reduce the myopia by the use of homatropine ; 
failing with this, he used atropine and found the myopia disappear. 
He concludes that the cause is a spasm of accommodation. 


HAROLD GRIMSDALE. 


(12) Valerio (Geneva).—A cavity in a corneal graft. (Cavita 
(cisti ?) intracorneale in un trapianto corneale). Boll. d’Ocul., 
January, 1940. 

(12) This case is very interesting; the patient undérwent corneal 
grafting in both eyes for corneal distrophy. In the right, the whole 
thickness of the cornea was removed; in the left, Descemet’s 
membrane was left. This eye was not so successful as the right, 
and the patient returned in a year in the hope of a second more 
fortunate result. When the right eye was examined by the corneal 
microscope, it was noted that there was a cavity in the implanted 
graft, which seemed to be in connection with the anterior chamber, 
and to be bounded on the deep surface by Descemet’s membrane in 
which there was seen to be a hole. R.V. with correction was 5/30; 
this was as a year ago. The patient had been practically blind 


before operation. 
HAROLD GRIMSDALE. 


(13) Tita (Catania).— Primary lamellated calcareous degeneration 
of the cornea. (Distrofia calcarea lamellare primaria della 

cornea). Boll. d’Ocul., January, 1940. 

(13) Tita publishes an account of a number of patients in whom 
he had observed an unusual form of degeneration of the cornea. It - 
consists in a number of layers of calcareous deposit in the super- 
ficial layers of the cornea. Sometimes there were as many as five. 
In all cases except in one, when there was interstitial keratitis, 
there was no preceding affection. In some, the patch was single ; 
in others, multiple. Each patch could be seen by the corneal 
microscope to be made up of an infinite number of small glittering 
white points. From two patients the author removed the opaque 
material and tested it. It showed the characters of calcareous salts, 


phosphates and probably carbonates. 
HAROLD GRIMSDALE. 


(14) Jablonski, W. (Nicosia, Cyprus).—The vision of ametropes. 
(Untersuchungen ueber das Sehen von Ametropen). Ophthal- 
mologica, Vol. XCVIII, p. 56, 1939. 

(14) Accepting Koffka’s distinction between stimulus and retinal 
image Jablonski shows that the ametrope using correcting lenses 
constantly is better able to appreciate the real nature of an object 
than the ametrope not using glasses, though the latter sees better 
than the former when both are deprived of glasses. A psychological 
factor is involved as the author shows experimentally, though it is 
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difficult to assess to what extent these experimental conditions 
correspond to the conditions obtaining normally. 


ARNOLD SORSBY. 


BOOK NOTICE 


The Anatomy of the Eye and Orbit. By EUGENE WoLFF, M.B., 
B.S.(Lond.), F.R.C.S. Crown 4to. Pages X + 374, with 242 
Illustrations. London: H. K. Lewis & Co., Ltd. Price 31s. 6d. net. 

The second edition of Wolff’s Anatomy of the Eye and Orbit is 
much more than a mere reprint. Noteworthy as the first edition 
was for the unrivalled excellence of the anatomical drawings and 
accuracy of the text, the new edition has been enriched by sixty new 
illustrations, Of these the most important are a series of flat 
sections of the retina and some striking pictures of differential 
staining of the rods and cones. The blood-supply of the visual 
pathway has been re-written and embodies Wolff’s own valuable 
original investigations. 

The book can be very highly commended. Like the first edition 
it is dedicated to Mr. Percy Fleming, himself an authority on the 
subject. It is a worthy monument to the excellence of his teaching 
and inspiration. 


NOTES 


i IT is with great regret that we record the death 

ss on June 22, 1940, of Phyllis Tookey Kerridge, 

at the age of 38 years. Mrs. Kerridge had a brilliant academic 
career at University College, London, and was one of the foremost 
research workers in physiology in this country. She gained the 
B.Sc. with honours in chemistry in 1922, and took a medical 
qualification eleven years later. Much-of her recent research work 
was in acoustic problems and the mechanical devices for aiding 
the deaf. In our fourteenth volume, in 1930, she contributed a 
joint paper with Miss Dorothy Adams, now Mrs. Campbell, on the 
hydrogen-ion concentration of the vitreous in eyes affected by 
naphthalene. 


* * * * 


Dr. DANIEL B. KirBy has been appointed 
Professor of Ophthalmology, College of Medi- 
cine, New York University, and Director of the Eye Service of 
Bellvue Hospital. 


Appointment 


